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INTRODUCTORY 

LECTURE. 

JLABOUR  and  patience, 
and  an  ardent  devotion  of 
the  whole  mind  to  the  ob- 
jeft  of  its  purfuit,  are  the 
effential  properties  of  thofe 
who  fuccefsfully  attempt  ei- 
ther to  learn  or  to  improve 
a  fcience.  When  we  enter, 
therefore,  upon  the  ftudy  or 
inveftigation  of  any  particu- 
lar branch  of  knowledge,  it 
(hould  be  our  firft  care  to 
a 
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examine  whether  we  poffefs 
the  properties  I  have  men- 
tioned, and  to  difcover  the 
peculiar  dangers  to  which  we 
may  be  expofed,  of  having 
them  either  diminifhed,  or 
mifapplied,  or  fubdued,  in 
our  intended  progrefs.  If  we 
adopt  this  mode  of  prepara- 
tion in  the  prefent  inftance, 
we  {hall  certainly  difcover, 
that  the  mod  common  fources 
of  difficulty,  of  fedu&ion, 
and  wafte  of  power,  in  every 
other  track  of  philofophy, 
will  infeft  and  obftruft  the 
path  of  the  eleftrician. 

Wherever     Nature     urges 
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man  to  advance,  while  his 
reafon  is  yet  feeble,  fhe  has 
kindly  ordered  the  force  of 
paffion  to  affift  and  to  propel. 
— From  the  tendencies  of 
this  force,  proceed  our  dan- 
gers. In  its  brutal  blindnefs, 
it  is  apt  to  ftumble  upon  er- 
rors ;  and  in  its  readinefs  to 
be  impreffed  and  interefted 
by  firft  appearances,  it  is 
ever  expofed  to  the  ftruggles 
of  obftinacy,  and  the  con- 
flicts of  felfifhnefs ;  and  in 
either  of  thefe  cafes,  the  toil 
that  overcomes  is  arduous 
and  flow  in  its  progrefs,  and 
the  neceffary  patience  of 
thought  takes  place  only 
a  2 
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when  much  time  and  much 
labour  have  been  fquan- 
dered. 

Eleftricity  is  in  its  infan- 
tine ftate.  Its  language  is 
imperfeft  and  obfcure.  Its 
appearances  are  mod  fre- 
quently difplayed  to  amufe 
the  fenfes,  or  to  aftonifh  the 
ignorant.  The  empiric  or 
the  itinerant  only  obtrude  it 
upon  the  eyes  of  the  world, 
and  it  is  known  by  philo- 
fophers  only  as  a  curious  de- 
tail of  fafts5  infulated  by 
very  peculiar  properties,  and 
confufed,  owing  to  a  want  of 
arrangement  or  reference  to 
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general  principles.  In  fhort, 
ele&ricity  is  confidered  a$ 
deftitute  of  all  ftimulants, 
either  to  provoke  our  va- 
nity, or  to  inflame  our  am- 
bition. For  this  reafon,  it  is 
rarely  made  an  objeft  of 
eager  and  complete  attention, 
or  of  that  perfevering  a6ii- 
vity  by  which  alone  it  can 
rife  to  its  proper  confequence 
and  maturity. 

.  ■ 

It  is  to  be  regretted,  that 
in  rearing  our  minds  towards 
perfe&ion,  we  fhould  ever 
regard  any  motives  but  fuch 
as  are  purely  rational. 

v    "  •    a  3 
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The  clear  eye  of  Reafon 
views  all  parts  of  nature  with 
equal  intereft,  and  infpires 
us  with  the  fame  plenitude  of 
enthufiafm,  whatever  objeft 
we  may  follow  in  the  im- 
menfity  of  furrounding  won- 
ders. In  cafe  you  were  thus 
intelleftual,  every  effort  to 
keep  your  paffions  from  ob- 
truding upon  your  affiduity 
wTould  be  unneceffary,  and  in- 
troducing philofophy  to  you, 
as  philofophers,  we  mould  lay 
afide  all  previous  advice  and 
recommendation^ But  al- 
lowing that  you  mull  be  im- 
paflioned  before  you  are  pro- 
perly induftrious,  and  patient 
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and  perfevering,  I  would  wifh 
to  convince  you  that  thofe 
peculiarities  of  ele&ricity, 
which  have  hitherto  depreff- 
ed  and  chilled  the  ardour  of 
enquiry,  ought  rationally  to 
have  a  contrary  effe£i. 

Is  not  the  vanity  of  excel- 
ling more  likely  to  be  grati- 
fied where  the  names  of  your 
predeceffors  are  few  and  ob- 
fcure,  than  amongft  thofe 
who  have  been  felefted  by 
public  applaufe  from  the 
bright  catalogues  of  impro- 
ving centuries  ?  Muft  not  the 
pride  of  new  difcoverers  en- 
joy more  ample  and  more 
a4 
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frequent  opportunities  where 
the  treafures  of  nature  are 
unexplored,  than  amongft 
objefts  which  have  been  ran- 
facked  by  the  induftry  and 
emulation  of  fucceffive  ages  ? 
How  many  years  mult  you 
toil  before  you  have  traced 
out  the  fteps  already  impreff- 
ed  by  the  great  Newton? 
How  little  the  probability 
of  flufhing  up  in  the  field, 
he  has  ranged  through,  one 
objeft  which  efcaped  his  pe- 
netration ?  and  how  much 
lefs  the  probability,  that  its 
magnitude,  when  brought 
forward,  will  divert  that  at- 
tention which  is  already  fixed 
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by  the  accumulation  of  his 
ftupendous  difcoveries  ?  In 
fhort ,  if  you  are  impelled  by 
the  defires  of  animal  nature, 
you  will  certainly  rufh  into 
the  courfe  that  is  the  leaft 
known  ;  and  the  ardour  of 
your  purfuit  will  not  only  be 
directed,  but  increafed,  by 
the  obfcurity  of  its  objecl. 

Let  me,  however,  hope 
that  your  refolutions  are  al- 
ready determined  to  feek  no 
pleafure  from  philofophy, 
but  thofe  of  the  mind  ;  to 
obey  no  motive,  but  that 
which  is  rational  ;  and  to 
indulge  no   views,  but  thofe 
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of  enlightening  the  world  by 
the  improvement  of  your 
own  faculties. 

If  this  be  the  cafe,  you 
will  find  that  eleftricity  is 
mod  amply  inverted  with 
powers  to  anfwer  all  the  great 
purpofes  to  which  you  may 
afpire.  It  pofTefTes  every  pro- 
perty which  can  make  know- 
ledge interefting  to  the  hu- 
man mind.  The  power,  whofe 
laws,  whofe  relations,  and 
whofe  effefts  it  inveftigates, 
is  already  proved  to  be  one 
of  the  mod  extenfive  in  na- 
ture. There  is  fcarcely  any 
fcience,  whofe  light  may  not 
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be  increafed  by  it.  Many 
are  the  arts  in  focial  life  to 
which  it  will  communicate 
new  powers,  and  many  are 
the  myfterious  circumftances 
in  the  hiftory  of  nature  and 
mankind  which  it  developes, 
and  clearly  explains.  But 
to  imprefs  you  with  proper 
ideas  of  thefe  advantages,  let 
us  amplify  on  each  fepa- 
rately. 

lft,  We  have  already  dif- 
covered  the  eleftric  fluid  to 
be  the  caufe  of  thunder,  me- 
teors, the  northern  lights, 
and  of  many  other  appear- 
ances in  the  atmofphere.  We 
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cannot  fuppofe  (without  a 
total  difregard  to  the  com- 
mon proceedings  of  nature) 
that  a  power,  producing  fuch 
great  effe&s,  fhould  not  ex- 
tend to  other  objefts  without 
number,  of  equal  importance 
in  the  general  fyftem. 

When  that  influence,  by  which 
a  ftone  falls  to  the  ground,  was 
followed  to  the  extent  of  its 
connexion  with  all  the  phoe- 
nomena  of  the  tides,  the  com- 
plicate motions  of  the  moon, 
and  the  remote  circumvolu- 
tions of  the  feveral  planets, 
if  our  progrefs  had  then 
terminated,    our    knowledge 
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of  the  gravitating  power  mufl 
have  been  confined  and  par- 
tial indeed,  compared  with 
that  which  ftill  remained  to 
be  unfolded ;  an  infinite  dif- 
tance  would  have  removed 
us  from  the  height  whence 
our  prefent  furveys  are  taken ; 
we  fhould  never  have  reached 
that  extreme  point  where  its 
fway  decides  the  return  of 
two  hundred  vafl  worlds, 
which,  with  a  velocity  that 
mocks  our  comprehenfion, 
had  fled  from  our  neighbour- 
ing fkies,  in  one  dire&ion, 
for  three  hundred  fucceflive 
years.  We  fhould  never 
have  penetrated  the  mafs  of 
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this  world,  and  the  furround- 
ing  planets,  fo  as  to  meafure 
their  varying  attraftions  and 
folidities ;  nor  fhould  we  have 
feen  the  ftupendous  fun  in  its 
greater}  glories,  as  a  central 
world,  lurpaffing  in  bulk  and 
confequence  a  million  of  fuch 
as  we  inhabit ;  —  much  lefs 
mould  we  have  furveyed  the 
furrounding  univerfe  as  a  ple- 
nitude of  fyftems,  each  of 
whofe  component  parts  are 
formed  of  all  that  is  great  in 
the  united  mafs  of  our  fun 
and  its  attendant  worlds,  and 
yet  thefe  parts  are  more  nu- 
merous than  the  drops  that 
form  the  vaft  Atlantic. 
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In  fhort,  wherever  we  flop- 
ped in  our  purfuit  of  the  gra- 
vitating influence,  by  attend- 
ing, for  thoufands  of  years, 
from  one  combination  of 
wonders  to  another,  there  we 
fhould  have  found  ourfelves 
on  the  entrance  only  of  its 
boundlefs  aftivity.  But  the 
power  of  gravity  and  the 
eleftric  fluid  are  alike  the 
agents  of  the  fame  wife  Om- 
nipotence, and  we  may  reft 
affured  that  their  characters 
are  fimilar,  and  that  our  firft 
enquiries,  however  fuccefsful 
in  the  difplay  of  their  great 
operations,  afford  but  faint, 
and  confined  and  partial  views 
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of  what  future  inveftigation 
may  unfold  before  the  eyes 
of  philofophy. 

2dly,  I  have  obferved  that 
the  light  of  other  fciences 
may  be  increafed  or  bright- 
ened by  that  of  ele&ricity. 
Its  prefent  connexion  with 
fome  of  them  is  merely  that 
of  conjefture  and  extrava- 
gance. In  aftronomy,  it  has 
been  employed  to  account 
for  the  tails  of  comets ;  and 
the  motions  of  thefe  bodies 
have  been  ignorantly  fup- 
pofed  incapable  of  explana- 
tion, without  recourfe  to  its 
agency.       In    navigation,    it 
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was  expefted  to  have  worked 
great  marvels,  by  furnifhing 
a  magnet  that  would  turn  to- 
wards the  Pole,  without  any 
variation.  But,  alas!  this  ima- 
ginary attainment  appeared 
and  vanifhed  with  equal  ra- 
pidity. 

It  is  rather  extraordinary 
that  the  eleftric  fluid  has  not 
yet  been  thought  of  as  ca- 
pable of  any  connexion  with 
mechanics.  In  a  fcience,  the 
objeft  of  whofe  fkill  is  the 
commencement,  the  increafe, 
and  the  management  of  force, 
it  is  furely  reafonable  to  ex- 
petl  that  a  power  may  be 
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highly  advantageous,  which 
a£ts  with  unparalleled  velo- 
city, and  which  overcomes 
the  moft  obftinate  refiftance. 

Should  fome  genius  here- 
after difcover  the  method  of 
employing  Berthollet's  new 
gun-powder  with  fafety,  per- 
haps this  improvement  in 
gunnery  may  owe  its  fuccefs 
to  the  poflibility  of  firing  the 
dangerous  ingredient,  at  a 
great  diftance,  by  the  aid  of 
the  eleflric  fluid. 

Much  has  been  attempted 
andprofeffedby  eleftrical  em- 
pirics, in  the  art  of  medicine ; 
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but  hitherto  ele&ricity  has 
been  chiefly  employed  as  the 
inftrument  of  quackery  and 
impofture.  A  few  fcientific 
profeflbrs  have  tried  its  in- 
fluence where  the  idea  of  do- 
ing no  harm,  and  the  defpair 
of  doing  much  good,  has  dif- 
pofed  them  to  try  any  thing. 
There  are  certainly  fome  ftri- 
king  cafes,  in  which  it  has, 
feemingly,  removed  the  moll 
obftinate  obftruflions.  But 
that  fkill  is  unknown,  which 
is  to  develope  its  influence 
on  the  various  parts  of  our 
organization,  or  which  can 
anfwer  for  its  effefts  in  fpecific 
cafes,  fo  as  to  render  the  ap- 

b2 
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plication  of  it  either  fafe  or 
prudent. 

In  chemiftrys  much  has 
been  done  by  its  union  with 
eleftricity  ;  but  much  more 
may  be  rationally  expefted. 
The  properties  of  all  fluids 
and  folids  are  found  to  have 
been  changed,  when  previ- 
oully  expofed  to  the  aftion 
of  the  eleftric  fluid.  It  fepa- 
rates  the  component  parts  of 
thofe  fubftances  on  which  the 
ftrongeft  fire  of  a  reverbera- 
tory  has  no  effeft,  and  it  is 
capable  of  being  applied  with 
accuracy  and  eafe,  where  no 
other  caufe  of  change  is  ap- 
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plicahle.  In  this  connexion, 
however,  our  greater!  defide- 
rata  are  certain  improvements 
in  our  apparatus.  What  we 
have,  is  complicate  and  trou- 
blefome,  and  adapted  to  very 
few  purpofes,  and  a  great 
deal  of  invention  mud  be- 
come aftive  before  the  pof- 
fible  rapidity  of  our  progrefs 
can  take  place.  In  thefe  Lec- 
tures I  (hall  prefent  you  with 
feveral  inftruments,  which 
have  been  employed  by  my- 
felf  for  this  purpofe  ;  and  I 
fhall  endeavour  to  place  your 
minds  in  fuch  a  train  of 
thought  as  may  lead  you  to 
the  difcovery  of  others,  much 

b3 
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more  commodious  when  ufed5 
and  much  more  extenfive  in 
their  application. 

Not  more  ftimulating  to 
the  ardour  of  purfuit,  is  the 
profpe£t  opened  by  the  con- 
nexion of  chemiftry  with  elec- 
tricity, than  that  of  the  fame 
fcience  with  natural  hiflory. 
By  the  light  emitted  from  this 
collifion,  we  have  already 
explained  one  of  the  mofi 
extraordinary  appearances  in 
the  animal  fyftem.  The  tor- 
pedo and  gymnotus  have  been 
difcovered  to  arreft  their  prey 
at  a  diftance,  to  benumb  the 
molt    powerful    energies    of 
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life,  and  inftantaneoufly  to 
inflift  death  upon  creatures 
far  furpaffing  themfelves  in 
ftrength  and  velocity ;  by 
collecting  the  force  of  thun- 
der, with  a  frequency  ade- 
quate to  their  own  wants ;  by 
darting  it  in  all  the  directions 
in  which  efcape  is  tried  by 
the  conflernation  of  their 
prey ;  and,  finally,  by  refi- 
ding  in  a  medium,  to  every 
part  of  which  the  fire  and 
fury  of  their  lightning  is 
commanded  forth  at  plea- 
fure. 

Provided    Signor    Galvani 
be   right,   the  knowledge   of 

b4 
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the  define  fluid  is  leading  us 
rapidly  into  a  full  invefti- 
gation  of  the  nervous  in- 
fluence, and  of  all  the  myf- 
teries  connected  with  the  fen- 
fations  and  motions  of  animal 
life. 

To  the  previous  advan- 
tages, derived  from  the  union 
of  ele&ricity  and  natural  hif- 
tory,  feveral  theorifts  have 
added  the  difcoveries  which 
are  to  proceed  from  the  in- 
fluence of  the  eleflric  fluid 
on  the  growth  and  nou- 
rifhment  of  vegetables.  No 
decifive  experiments  have  yet 
proved  that  fuch  an  influence 
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can  take  place.  The  faft  is 
pofitively  afferted  by  fome, 
and  is  as  pofitively  denied  by 
others.  I  {hall  hope  to  give 
you  an  account  of  what  has 
been  done  on  the  fuhjeft.  In- 
deed, I  am  rather  difpofed  to 
expeft  that  the  a&ivity  of  the 
eletlric  fluid  may  yet  be  very 
beneficial  in  this  part  of  na- 
tural hiftory. 

The  power  it  poffeffes,  of 
dilating  every  circulating  vef- 
fel,  of  irritating  whatever  is 
capable  of  irritability,  and  of 
accelerating  the  motion  of 
animal  and  vegetable  juices 
in  the  minuteft  channels,   af- 


XXVI  INTRODUCTORY 

fords   a  ftrong    prefumption 
that  it  may  haften,   not  only 
the.  growth  of  plants,  but  add 
much  to  their  fize,  and  pro- 
duce    feveral    extraordinary 
changes  in  their  internal  pro- 
perties and  their  external  ap- 
pearance.    There  are  feveral 
defiderata   which    delay   our 
progrefs  in  this  bufmefs.    We 
have  not  difcovered  an  eafy 
and  cheap  method  of  keep- 
ing up  a  conftant  current  of 
the    eleftric    fluid  ;     nor    do 
we  know  how  to  convey  it  in 
a  fufficient    abundance  thro' 
all  the  parts  of  the  fame  plant 
at  the  fame  inflant  of  time. 
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3<ily,  Any  agent,  which 
alarms  the  fenfes  by  a  rare 
and  anomalous  difplay  of  its 
operations  in  the  vifible  fyf- 
tem  of  nature,  is  to  man, 
while  groping  in  the  night 
of  ignorance,  a  moll  formi- 
dable tyrant.  Horrors  at- 
tend its  appearance,  and  the 
general  fear  it  calls  forth  is 
pregnant  wTith  calamities  of 
long  permanence,  and  of  tre- 
mendous magnitude  and  ex- 
tent. The  hour  of  its  fway, 
is  that  of  torture  to  mil- 
lions, and,  in  the  fucceed- 
ing  hours  of  timidity  and  de- 
■preflion,  new  powers  come 
into  action^   far  more  terrible 
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and  deftruftive  than  ftfelf. 
The,  general  mafs  of  igno- 
rance is,  each  time  of  its  ap- 
pearance, enlarged  and  con- 
denfed^  and  the  reign  of  fu- 
perflition  is  confirmed  and 
darkened.  It  arms  the  ruling 
priefthood  with  the  dagger ; 
it  clothes  them  with  bloody 
robes,  and  gluts  them,  hungry 
in  their  demands  of  facrifice, 
for  the  angry  god  whom  they 
reprefent,  with  the  firft-born 
of  every  kind. 

The  terrors,  under  which 
it  fubjefts  the  quaking  mul- 
titude, are  equally  mercilefs 
to  the  flocks  of  the  field,  and 
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to  the  mod  helplefs  of  human 
innocents.  It  arms  whole  le- 
gions of  tyrants,  which  ty- 
rants colleft  hordes  of  vo- 
racious janifTaries,  who  unite 
in  one  confederacy  to  plun- 
der, to  enflave,  to  corrupt, 
and,  finally,  to  exterminate 
thofewhom  they  at  firft  fright- 
ened and  deceived. 

In  all  ages  the  thunder  of 
heaven,  by  the  difplay  of  its 
own  peculiar  greatnefs,  and 
by  co-operating  with  other 
awful  agents  in  nature,  has 
contributed  mod  powerfully 
to  promote  the  caufe  of  im- 
pofture    and    tyranny.      The 
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roar,  by  which  it  fhakes  earth 
and   fky ;     the   blaze,   which 
it  fpreads  in  one  inftant  thro? 
the  whole  concavity  of  hea- 
ven ;    the    impetuofity   with 
which  it  precipitates  palaces, 
catties  and  temples  into  ruins; 
the  impotence  of  the  mightieft 
amongft  vifible  beings,  when 
aflailed   by   its    fury  :     thefe 
tremendous  confequences  of 
its   own    immediate    agency 
are   accompanied  by  others, 
refulting  from  that  agitation 
of  elements  which  it  has  pro- 
duced.   It  inundates  the  earth 
with  a  deluge.     It  lets  loofe 
the  tempeftuous  ftorm  from 
the  black  cloud  in  which  it 


LECTURI.  XXXI 

is  fuppofed  to  refide ;  and 
the  concuffions  of  earth- 
quakes and  volcanos  are  fre- 
quently amongft  its  attend- 
ant horrors. 

All  the  preceding  are  cir- 
cumfiances  whofe  powers  are 
fully  adequate  to  the  proftra- 
tion  of  every  ignorant  mind, 
at  the  feet  of  blafphemous 
fraud  and  ufurpation.  We 
confequently  find  that  the 
fupreme  god  of  the  Greeks 
was  the  god  of  thunder,  and 
that  their  defendants  fecured 
the  obedience  of  plebeians 
and  (laves,  by  cherifhing  the 
fame  fuperftition,  and  by  ton- 


X&X11  INTRODUCTORY 

triving  new  rules  and  cere- 
monies,  new  cruelties  and  ab= 
furdities,  to  renovate  the  ge- 
neral panic,  whenever  awa- 
kened by  the  recent  devalua- 
tions of  a  thunder-ftorm. 

By  the  fcience  of  electri- 
city, however,  the  future  pof- 
fibility  may  be  exterminated, 
of  renewing  thefe  frauds  or 
blafpheming  the  benevolence 
of  nature,  by  perverting  the 
fublime  language  of  its  ope- 
rations to  the  purpofes  of 
human  wickednefs  and  the 
promotion  of  human  mifery. 
It  has  enabled  the  mod  com- 
mon artificer  to   avert  every 
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danger  attending  a  thunder- 
ftorm,  and  confequently  to 
filence  every  apprehenfion. 
It  teaches  the  vulgar  mind  to 
fmile  at  a  thoufand  religious 
ceremonies,  before  the  reve- 
rence of  whofe  age,  and  the 
dignity  of  whofe  priefis,  the 
oflentation  of  modern  hier- 
archies dwindles  into  mean- 
nefs  and  mummery. 

When  the  domes  or  fpires 
of  our  moft  facred  temples 
are  cracked  by  lightning,  in- 
ftead  of  trembling  before  an 
angry  God,  and  invoking 
his  prefumptuous  fervants  to 
light  his  altars,  and  maffacre 
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his  creatures,  we  have  only 
to  lament  that  the  blackfmith 
had  not  been  employed,  and 
that  his  iron  rods  were  not 
ere£iede  If  thick  clouds  are 
gathered  together  in  the  weft, 
and,  amidft  the  noon  of  day, 
bring  on  the  darknefs  of 
night,  the  approaching  ap- 
pearance is  furveyed  as  the 
probable  fource  of  amufe- 
ment,  and  the  philofopher, 
awakened  from  contempla- 
tion into  bufmefs  by  the  found 
of  his  bell,  condufts  the  light- 
ning into  his  habitation,  or 
commands  it  to  any  diftance 
prefcribed  by  his  own  plea- 
fure  and  convenience. 
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If  you  were  to  extend  the 
preceding  comparifon  of  the 
prefent  and  paft  date  of  man, 
in  its  relation  to  one  of  the 
grandeft'  agents  in  nature  ;  if 
you  were  ftill  further  to  invef- 
tigate  the  important  changes 
which  have  refulted  from  the 
difcoveries  of  ele&ricity,  you 
would,  I  think,  look  up  to  it 
as  entitled  to  the  higheft  ef- 
timation  of  philofophers  : — 
would  you  not  likewife  ac- 
knowledge that  no  tyrannici- 
dal  hero  had  ever  proved  more 
beneficial  to  his  fpecies,  than 
that  republican,*  who,  when 
he  had  difarmed  the  clouds 
of  their  fury,  armed  his  coun- 
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trymen  on  the  very  fame  fpot 
in  the  caufe  of  freedom  and 
humanity  ? 

On  the  banks  of  the  Dirce, 
Greece,  in  her  moft  civilized 
hour, —  Greece,  difplaying  to 
the  wondering  world  a  con- 
ftellation  of  the  moft  fplendid 
luminaries  that  ever  adorned 
and  enlightened  the  human 
fpecies,  celebrated  with  hymns 
and  dances  the  birth  of  that 
benefaftor,  who  firft  preffed 
the  grape,  fermented  its  juice, 
and  poured  its  joys  into  the 
bofom  of  man. 

When    the    golden    times 
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come,  in  which  pofterity  will 
look  back  to  the  age  of  ty- 
rants, of  their  priefts,  and  the 
whole   hoft  of  their  janifla- 
ries,  as  the  dark  and  barba- 
rous age  of  mankind  ftrug- 
gling  with  monfters  and  wild 
beafts,    will    not   the   higher 
orders   of  beings,   whofe  in- 
tellefts  brighten  the  glorious 
day  in  which  they  live,  ex- 
prefs   a  gratitude   fimilar  to 
what   I    mentioned,    on    the 
banks   of    the  Delaware  ? — 
Let  poetry  be  raifed  to  what 
it  was  in  Athens,  the  perfec- 
tion of  philofophy.  Let  every 
art  reach  the  fullefl  maturity 
which    reafon    can    give    itf 
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when  cultivated  by  the  lei- 
fure  and  education  of  my- 
riads improving  thro'  fuccef- 
five  centuries  ;  and  amongfl: 
the  higheft  objefts  of  its 
praife,  will  not  eminence  be- 
long to  the  example  and  in- 
tellectual greatnefs  of  Benja- 
min Franklin,  who,  when  he 
had  wrenched  the  thunder- 
bolt from  the  grafp  of  ty- 
ranny and  fraud,  enrolled 
himfelf  amongfl  the  heroes 
and  patriots  of  his  country, 
chafed  away  the  minions 
and  mercenaries  of  oppref- 
fion,  and  amongfl:  the  ruins 
accumulated  by  defpotifm  in 
the  fury  of  its   dying  hour, 
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eftablifhed  the  firfl:  free  com- 
munity that  ever  bleft  the 
eyes  of  men? 

I  have  been  amplifying, 
gentlemen,  on  the  obvious 
utility  of  that  fcience,  which 
it  is  your  objefl  foon  to  ac- 
quire ;  but  I  will  repeat  my 
wifhes  that  the  pure  and 
elevated  condition  of  your 
minds  may  render  all  fuch 
amplification  unnecefTary. — 
He  that  enters  the  path  of 
knowledge,  as  he  would  that 
of  commerce,  or  who  begins 
his  enterprize  with  fpecifying 
the  benefits  he  is  to  fecure, 
will  never  make  any  confi- 
derable  progrefs.  He  will 
C4 
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foon  be  arretted  by  difap- 
pointment,  and  will  termi- 
nate a  labour  which  does 
not  provide  him  with  what 
he  particularly  expefted. 

There  is  but  one  confide- 
ration  that  bears  fway  in  the 
foul  of  a  philofopher.  That 
truth  ftands  alone  which  in- 
terefts  his  defires,  and  ftimu- 
lates  his  aftive  principles. 
He  is  convinced,  that  to 
follow  nature  is  to  follow  the 
fure  road  to  boundlefs  attain- 
ments :  for  its  treafures  fill 
the  univerfe ;  its  means  of 
gratification  are  not  lefs  va- 
rious than  thofe  fcenes   and 
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objefts  by  which  it  has  diver- 
fified,  enriched,  and  adorned 
immenfity  ;  and  the  wonders, 
by  which  it  elevates  the  mind, 
and  overwhelms  it  with  trans- 
port, fucceed  each  other  in 
multitudinous  combinations, 
not  lefs  numerous  than  the 
fwarms  of  life  in  fummer, 
nor  lefs  rapidly  than  the  in- 
ftants  which  form  eternity. 
Nay,  the  paradife  of  a  phi- 
lofopher,  devoted  to  the  fludy 
of  nature,  is  not  confined  to 
earth,  or  fea,  or  air ;  to  the 
third  or  fourth  heavens ;  but 
includes  thofe  diftant  regions 
which  the  light  of  a  day, 
that  (hone  thoufands  of  years 
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ago,  has  not  yet  reached ! 
He  feels  it  every  where  ;  he 
enjoys  it  at  all  times.  Its 
pleafures  burft  forth  from 
every  vifible  object ;  they 
fpring  from  the  ground  he 
treads  upon.  The  atmofphere 
teems  with  them.  They  are 
to  be  found  in  the  mafs  and 
in  the  loweft  depths  of  the 
ocean.  They  flourifh  in  the 
defert  and  amongft  precipices 
and  rocks.  They  are  prefent 
amongft  the  horrors  of  vol- 
canos  and  earthquakes ;  nor 
do  they  forfake  the  mind 
when  looking  forward  to  the 
deftruftion  of  worlds  and 
their  fyftems* 
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But  in  cafe  the  philofopher 
wanted  thofe  powers  of  bea- 
tific vifion  which  I  have 
defcribed;  allowing  that  a 
cloud  feparated  him  from 
thofe  views  of  the  univerfe., 
by  which  fcience  ravifhes 
and  enraptures  the  mind ;  al- 
lowing that  all  difcovery  had 
hitherto  eluded  his  purfuit, 
and  that  his  labours  opened 
no  other  profpeft  but  that  of 
aiding  future  attempts  ;  he 
has  flill  to  pride  himfelf  in 
the  attainment  of  a  moll  glo- 
rious reward. 

Mental  purfuit  is  a  difci- 
pline  that  not  only  increafes 
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the  ftrength  we  have,  but 
creates  new  and  greater  ener- 
gies in  man.  The  faculties 
of  the  foul,  like  thofe  of  the 
body,  become  gigantic  and 
mighty,  by  exertion  only: 
and  what  delicious  confciouf- 
nefs  equals  that  of  a  mind 
triumphing  in  its  own  vi- 
gour? fatisfied  with  its  own 
exertions,  and  fitted  for  thofe 
more  important  circumftances 
of  aftion  which  may  ftill  re- 
main for  it  ? 

But  does  the  fcience,  upon 
which  we  are  entering,  parti- 
cipate in  that  charafter  of 
philofophy,  whofe  improving 
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powers  I  have  juft  defcribed? 
When  I  anfwer  in  the  af- 
firmative, I  feel  that  I  fhall 
be  juftified  by  your  future 
experience. 

Eleftricity  poffefTes  much 
of  what  is  admirably  adapted 
to  difcipline  the  mind.  Its 
new  principles,  though  few, 
will  admit  of  extenfive  ap- 
plication ;  but  that  applica- 
tion will  belong  to  thofe  only 
who  can  proceed  patiently 
through  a  great  deal  of  in- 
tricacy and  embarraffment. 
The  appearances  of  eleflxi- 
city,  likewife,  are  entangled 
with  the  effefts  of  many  dif- 
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tinft  caufes.  They  require, 
therefore,  much  of  that  toil 
which  feparates  carefully, 
which  combines  judicioufly, 
which  felefts  with  feverity, 
and  then  arranges  with  clear- 
nefs  and  precifion.  Befides, 
this  fcience  demands  the  co- 
operation of  the  hands  and 
the  head,  or  the  exercife  of 
manual  fkill,  united  with  a 
ready  capacity  of  inventing 
and  diverfifying  the  means 
of  experience.  The  accu- 
mulation of  elefirical  fafts, 
moreover,  is  increafmg  daily, 
and  confequently  affords  op- 
portunities favourable  to  the 
retentive     faculties     of     the 
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mind.  The  circumftances  of 
its  experiments  are  connefted 
by  no  general  fyftem.  They 
are,  as  it  were,  infulated, 
and  of  courfe  the  remem- 
brance of  each  minute  diffe- 
rence requires  a  diftin£i  ex- 
ertion, and  renders  it  very 
difficult  to  obtain  fuch  a 
familiarity  of  acquaintance 
with  the  whole  catalogue  of 
its  appearances  as  will  en- 
able you  pertinently  to  bring 
them  forward,  either  in  evi- 
dence or  explanation. 

In  ftiort,  the  fcience  of  elec- 
tricity is  well  formed  for 
ftrengthening    the    memory, 
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for  invigorating  its  powers  of 
aflbciation,  and  for  habi- 
tuating us  to  fuch  deliberate 
and  multiplied  pains  as  are 
neceffary  to  complete  the 
images  or  mental  impreffions 
which,  with  equal  pains,  we 
have  previoufly  eftimated 
and  felefted. 

Let  your  refolutions  then  be 
formed  to  ftudy  eleftricity  as 
a  fcience  in  all  its  tendencies, 
favourable  to  the  general  in- 
tereft  of  knowledge,  and  to 
your  own  particular  im- 
provement ;  devote  to  it  a 
portion  of  your  moft  undi- 
vided  attention  ;    make  it  a 
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work  of  labour  and  patience., 
and  if  difappointment  or  fa- 
tigue fhould  fubdue  you,  de- 
termine either  to  rejeft  it  al- 
together, or  to  purfue  it  with 
ardour,  with  perfeverance, 
and  all  the  beft  energies  of 
your  feveral  faculties. 

The  direftions  which  are 
appropriated  to  the  ftudy  of 
eleftricity,  as  a  diftinfl:  branch 
of  fcience,  are  of  two  kinds. 

lft,  There  are  direftions 
which  have  a  reference  to 
your  progrefs,  while  you  re- 
ceive the  inftruftions  of  your 
tutor. 
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2dly,  There  are  other  di- 
rections by  which  you  will  be 
guided  in  your  future  en- 
deavours to  increafe  the  ftore 
of  known  fafts,  or  to  deve- 
lope  the  unknown  laws  and 
principles  of  electricity. 

lft,  While  you  attend  the 
prefent  courfe  of  Leclures^ 
endeavour  to  keep  your  eyes 
and  your  memories  altogether 
unencumbered,  fo  that  you 
may  perceive  the  order  in 
which  the  feveral  parts  of 
the  apparatus  are  united :  you 
will  thus  be  able  to  retrace 
with  new  force  of  impreffiori, 
and  at  the  fame  time  to  cor- 
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reft  thofe  ideas  which  I  fhall 
have  previoufly  endeavoured 
to  communicate  by  verbal  de« 
fcription. 

My  plan  of  inftrufting  is 
formed  with  a  view  to  aid 
you  in  this  method  of  im- 
proving yourfelves.  I  begin 
with  defcribing  the  fimpleft 
machinery,  and  the  appear- 
ances immediately  depend- 
ant on  their  operation.  I 
proceed  gradually  with  final  1 
additions  to  the  machinery 
already  defcribed,  and  with 
the  fafts  refulting  from  each 
feparate  addition.  After  I 
have  firft  defcribed,    I  make 
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the  experiments,  fo  that  each 
fucceffive  appearance  may 
anfwer  to  the  order  obferved 
previoufly  in  the  verbal  de~ 
fcription.  In  confequence  of 
this  method,  the  memory  is 
aided  by  repetition,  and  what 
it  has  received  by  the  ear,  is 
rendered  more  permanent  by 
the  fubfequent  impreflion  of 
what  is  offered  to  the  eye. 

A  moft  detrimental  cuftom 
belongs,  I  obferve,  to  fome 
pupils.  They  fpend  their 
whole  time  in  looking  at 
their  papers,  and  in  fcribbling 
imperfeftly,  what  they  as  im- 
perfeftly  recolleft  of  the  lee- 
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turer's  exprcffions.  Their 
bufinefs  confequently  be- 
comes fo  very  complicate, 
that  to  inftnift  them  with  any 
accuracy,  or  to  any  extent,  is 
altogether  impoffible.  At 
one  and  the  fame  inftant, 
they  have  to  write,  to  fee,  to 
make  up  the  expreflions  they 
remember  imperfectly,  and 
to  difpofe  of  what  is  unintel- 
ligible in  the  tutor's  language, 
who,  lefturing  extempore,  if 
he  does  it  properly,  mufl  be 
now  and  then  at  a  lofs  in 
attempting  to  change  the 
words  and  order  of  his  fen- 
tences,  whenever  he  finds, 
from  the  looks  of  his  pupils, 

^3 


llV  INTRODUCTORY 

that  they  do  not  comprehend 
him. 


When  the  lefture  is  over, 
then  is  your  moft  important 
care  to  commence.  You 
mould,  as  foon  as  poffible,  en- 
deavour to  copy  upon  paper, 
what  you  have  taken  into 
your  memories ;  for,  reft  af- 
fured,  that  if  you  have  learned 
any  thing  well,  you  will  be 
able  to  write  it  down.  A  fure 
evidence  that  you  have  learn- 
ed nothing,  is  the  inability  of 
expreffing  the  ideas  which 
you  have  received.  Befides, 
from  what  you  write,  you  will 
know  both  the  quantity  and 
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the  quality  of  what  you  have 
gained ;  and  the  one  may  be 
increafed,   and  the  other  cor- 
rected, by  having  recourfe  to 
your  tutor,  or  to  thofe  books 
which  are  written  on  the  fub- 
jeft  of  your  enquiry,  or  by 
endeavouring,   on  the  appa- 
ratus,  to  repeat   his   experi- 
ments, and  to  recover  the  cir- 
cumftances   you  had   forgot- 
ten.— In  experimental  philo- 
fophy,    however,   it  is  of  the 
utmoft  importance,  that  you 
mould  attend  the  fame  lec- 
tures twice ;  for  by  this  means, 
when  you  retire  to  examine 
the  flores  you  have  colle&ed, 
the  fruits  of  your  fecond  at- 
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tention    will    always    mature 
thole  of  the  firft. 

2dly,  Should  your  love  of 
fcience  gain  fuch  ftrength, 
during  the  courfe  of  your  in- 
flruftion,  that  you  are  deter- 
mined to  purfue  it,  you  will 
then  have  new  circumflances 
to  regard.  It  wTill  be  necef- 
fary  that  you  mould  provide 
yourfelves  with  a  proper  ap- 
paratus, and  patiently  to  toil 
through  the  whole  of  that  dif- 
cipline,  which  is  requifite  to 
the  formation  of  a  dextrous 
experimentalift. 

In   thefe    Leflures   I   mall 
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defcribe,  very  minutely,  the 
proper  inftruments  of  the  fci- 
ence.  But  when  you  know 
the  beft  of  thefe,  you  mould 
likewife  know  that  theje  are 
two  ways  of  procuring  them. 
You  muft  either  have  recourfe 
to  thofe  who  live  by  making 
them,  or  you  muft  work  for 
yourfelves.  The  former  me- 
thod is  expenfive,  and  takes 
away  from  eleftricity  one  of 
its  mod  advantageous  regu- 
larities, that  of  being  cheaply 
purfued  and  cultivated.  Be- 
fides,  this  method  is  the 
iloweft  poflible;  for  he  who 
makes  experiments  well,  muft 
vary    them    a    thoufand    dif- 
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ferent  ways ;  and  great  is  the 
lofs  of  time  and  labour, 
great  the  wafte  of  power, 
that  mull  harrafs  thofe  who 
have  firft  to  direft,  and  then 
to  wait  upon  the  conveniences 
of  a  common  inftrument- 
maker. 

If  you   mould   refolve    to 

work     for     yourfelves,     few 

utenfils    are    neceffary.     The 

firft  and  mod  important  is  a 

turner's  lathe ;  by  which  you 

may  furnifh    yourfelves  with 

balls,   caps  and  the  pedeftals 

ofyourftands.  Indeed,  there 

is   fcarcely    one   diverfity    of 
means     in     eleftricity,     with 
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which  you  may  not  be  pro- 
vided, when  you  have  ac- 
quired a  moderate  (hare  of 
{kill  in  ufing  this  machine. 

A  blow-pipe  is  neceflary  for 
bending  tubes,  and  for  open- 
ing and  clofing  fuch  as  are 
of  confiderable  diameter.  The 
art  of  filing  with  tolerable 
truth ;  of  covering  wood 
and  glafs  with  tin  foil,  fo  as 
to  leave  no  points,  edges,  or 
wrinkles ;  together  with  fome 
little  dexterity  in  the  inferior 
employments  of  chemiftry : 
thefe  arts,  I  fay,  in  conjunc- 
tion with  that  of  turning  and 
of  blowing  glafs,    comprizes 
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the  whole  mechanical  know- 
ledge that  is  wanted  by  an 
electrician.  In  the  track  of 
your  purfuit,  a  multitude 
of  unknown  neceffities  mud 
arife:  but  thefe,  when  fup- 
plied  or  conquered,  will  add 
to  the  interefl  of  your  em- 
ployments, and  the  pleafures 
of  your  fuccefs. 

In  the  Leftures  you  are 
now  to  hear,  you  can  expect 
that  information  only  which 
relates  to  the  mod  important 
parts  of  the  fcience.  You 
may  abundantly  increafe  your 
ftore  of   eleftrical    fafts,    by 
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dire&ing  your   future  atten- 
tion to 

Dr.  Franklin's  Letters  on 
Ele&ricity. 

Dr.  Prieflly's  Hiftory  of 
the  Science. 

Mr.  Cavalio's  Treatife,  to- 
gether with  his  feveral  papers 
on  the  fubjeft,  to  be  found  in 
the  Philofophical  Tranfac- 
tions. 

A  fmall  pamphlet  contain- 
ing curious  particulars  rela- 
ting to  pofitive  and  negative 
eleftricity ;  by  Dr.  Milner, 
of  Maidftone,    in  Kent. 

Mr.  Brook's  "  Mifcellaneous 
Experiments,"  &c. 


1X11  INTRODUCTORY 

Mr.  Bennet's  "  New  Expe- 
riments ;"  and 

Mr.  Reed's  "  Summary 
View  of  the  Spontaneous 
Ele&ricity  of  the  Earth  and 
Atmofphere. 

There  is  little  in  the  Phi- 
lofophical  Tranfaftions,  which 
Dr.  Prieftley  has  not  condenf- 
ed  in  his  Hiftory. 

Foreigners  attend  much 
more  to  chemifrry  than  elec- 
tricity ;  in  their  journals, 
therefore,  you  will  difcover 
nothing  to  reward  the  toil  of 
ranfacking  them,  if  you  ex- 
cept Volta's  papers  in  the 
"  Scelte  D'Opufcule." 
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/jLLL  thofe  eleftrical  pheno- 
mena, which  depend  on  die  opera- 
tions of  art,  are  the  confequence 
of  fri&ion.  By  rubbing  a  piece  of 
dry  filk,  of  hair,  worfted,  leather, 
or  (kin,  againft  a  furface  of  glafs, 
of  fealing-wax,  rofin,  amber,  or 
of  any  one  body  in  a  long  cata- 
logue of  filicious  and  refinous 
fubftances,  which  might   be    enu- 

VOL,    I.  B 
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merated,  a  power  is  communicated 
to  the  rubbed  furface  of  attracting 
fuch  light  bodies  as  the  down  of 
feathers,  the  floating  particles  of 
duft,  and  the  threads  of  linen  and 
filk,  if  delicately  fufpended. 

If  the  rubbed  furface  be  equal 
to  that  of  a  few  inches  only,  we 
may  perceive  a  whizzing,  fnapping 
noife,  when  the  finger  is  applied ; 
the  appearance  of  light,  if  the  af- 
fected furface  be  carried  into  the 
dark ;  and  a  creeping  fenfation,  if 
it  be  applied  to  the  fkin. 

The  operation  of  rubbing,  when 
attended  with  the  effecis  which  I 
have  now  defcribed,  is  called  the 
excitation  of  a  hody^    and  all  bodies. 


Electricity.  § 

which  are  capable  of  this  excita- 
tion,  are  called  eleBrics* 

Many  are  the  peculiarities  imme- 
diately connected  with  the  a£t  of 
excitation  :  thefe  I  would  now  re- 
commend to  your  attention. 

I.  If  the  lead  moifture  or  dirt 
defile  the  furface  of  your  electric, 
the  degree  of  excitation  will  be 
very  much  diminiflied  :  this  cannot 
be  faid  of  greafe  and  other  inflam- 
mable bodies.  The  effects  of  exci- 
tation may  be  increafed  by  oil  very 
moderately  ufed  ;  and  you  will 
hereafter  fee  that  an  amalgam  of 
metals  and  fome  fat  fub fiances  is 
daily  ufed  for  the  fame  purpofe. 

II.  Different  fubftances  are 
differently-    affect.ed    by    this   ope- 

B    2 
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ration.     The  diverfity  is  befl  ex- 
plained by  a  fa6h 


FIG.  L 

AB  is  a  glafs  ftem,  not  lefs  than 
fix  inches  in  height  :  Be  is  a 
wooden  pedeftal,  into  which  the 
glafs  is  fixed ;  AD  is  a  wire,  to 
whofe  blunt  termination  are  an- 
nexed two  very  fine  filken  threads, 
e,  f,  whofe  length  is  not  lefs  than 
four  inches.  If  a  polifhed  furface 
of  glafs,  when  excited,  be  brought 
near  the  threads,  e,  f,  they  will  fe- 
parate  into  the  fituation  of  g  and  h. 
But  if,  when  thus  circumftanced, 
you  approach  them  with  an  ex- 
cited furface  of  wax,   rofin,   un£o-. 
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lifted  glafs,  &c.  the  threads  g  and  h 
clo-fe  again  into  the  fituation  of 
e,  f.  Vice  verfa,  If  the  excited 
wax  or  rofin,  or  unpolifhed  glafs, 
be  firft  applied  to  the  threads,  a 
feparation  will  take  place,  and  the 
fubfequent  application  of  the  ex- 
cited glafs  will  bring  them  to- 
gether. 

It  is  of  the  greateft  importance 
to  remember,  that  every  excited 
furface,  which  clofes  the  threads, 
when  previoufly  feparated  by  po- 
lifted  glafs,  is  faid  to  be  negatively 
excited  ;  and  that  every  furface 
which,  on  application,  produces 
no  effecl,  or  feparates  them,  ftill 
further,  is  faid  to  be  pojitively  ex- 
cited.  Vice  verfa,  If  the  threads 
be  feparated  by  excited  fealing- 
b   3 
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zuax,  whatever  furface  then  clofes 
them,  is,  charged  pojitively  ;  and 
whatever  furface  feparates  them 
wider,    or  produces  no  change,  is, 

sharged  negatively. 

The  ability  of  determining  thefe' 
different  ftates  includes  a  very 
great  part  of  its  operations  in  the 
prefent  ftate  of  the  fcience.- — 
Electricians,  therefore,  have  in- 
vented a  variety  of  inftrumentsy 
from  the  idea  that  fome  of  them 
utter  the  fame  language  much 
more  expreffively  and  diftinclly 
than  others. 

In  very  delicate  experiments^ 
one  thread  has  been  fubftituted  by 
electricians,  in  the  place  of  the 
two  threads,    e,    £,    Fig.   l%    To 
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render  it  fufceptible  of  the  leaft 
influence,  they  have  ufed  the  fineft 
drawn  filament  which  could  be 
gained  from  the  filk,  as  it  imme- 
diately proceeded  from  the  worm. 
This  thread,  when  previoufly  af- 
fected by  an  excited  furface  in  one 
ftate,  on  the  application  of  a  fur- 
face  in  a  different  ftate^  would  be 
inftantly  attracted.  Balls  made  of 
the  pith  of  elder  have  been  affixed 
by  feveral  electricians  to  the  extre- 
mities of  the  threads. 

But  the  ufe  of  every  contrivance 
of  this  kind  has  been  wholly  fu- 
perfeded  by  a  very  late  invention^ 
which  I  fhall  now  defcribe. 

AB,  Fig.  II.  is  a  piece  of  brafs 
pafling    through   the  neck  of   the 
b  4 
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glafs  veffel,  A,  F,  C,  D.  At  the 
extremity  of  the  brafs,  B,  are 
fattened  two  ftrips  of  gold  leaf, 
m  and  n.  The  bottom  of  the  vef- 
fel, Pg,  has  been  ufually  made  of 
fome  metallic  fubftance ;  connected 
with  which,  is  a  ftrip  of  tin  foil, 
o,  p.  In  the  brafs  ball,  A,  a  hole 
mould  be  made,  fo  that  a  plate  or 
any  other  neceffary  appendage  may 
be  fattened. 

The  excellence  of  this  inftrument 
confifts  in  the  ready  feparation  of 
the  gold  leaf  ftrips,  on  the  approach 
of  any  excited  electric. 

The  inftantaneous  motion  vifible 
in  the  ftrips,  on  the  contact  of  an 
evaporating  fluid  with  the  ball  A, 
fhews  the  vaft  fuperiority  of  this 
to  all  other  electrofcopes. 
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I  fhould  have  obferved,  that  the 
dimenfions  of  parts  in  this  inftru- 
ment,  are  the  following.  —  It  is 
ufually  about  four  inches  in  dia- 
meter, and  five  inches  high.  The 
diameter  of  the  neck  mould  be 
regulated  by  the  fize  of  the  brafs 
wire.  The  ftrips  are  about  two 
inches  long,  and  one-fourth  of  an 
inch  wide.  Some  ivory  or  wood 
mould  be  fcrewed  upon  the  ex* 
tremity,  B,  or  the  ftrips  cannot 
be  glued  on.  The  tin  foil  is 
ufually  fixed  fo  high  as  to  be  on 
a  level  with  the  lower  extremity 
of  the  flrip.  However,  I  would 
prefer  a  veffel  of  much  larger  di- 
menfions, fo  that  wider  and  longer 
ftrips  might  be  ufed,  and  of  courfe 
a  greater  furface  expofed  to  the 
electrified  atmofphere  in  the  vef- 


lO 


LECTURES    ON 


fel;  and  I  would  wholly  exclude 
the  tin  foil  and  the  brafs  bottom, 
as  having  no  other  effecl:  than  that 
of  discharging  the  atmofphere  be- 
fore it  can  be  examined. 


III.  The  variety  of  ftates  in 
excited  bodies,  which  I  have juft 
now  defcribed,  and  taught  you  to 
diftinguifh,  is  not  confined  to  the 
furface  of  different  bodies.  It  may 
be  obferved  in  the  oppofite  fur- 
faces  of  the  fame  body ;  in  diffe- 
rent parts  of  the  fame  fluid,  and, 
in  fome  cafes,  of  the  fame  furface. 
The  oppofite  fides  of  excited  glafs 
are  always  pojitive  and  negative. — 
At  a  diflance  from  that  portion 
of  the  atmofphere,  which  gives  po- 
fitive  figns,  may  be  always  found 
a   portion  which    gives    figns    the 
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very  reverfe  :  and  it  has  been  af- 
ferted  that  a  glafs  ft  em,  three  feet 
long,  when  rubbed,  will  be  found* 
on  different  parts  of  its  furface, 
to  feparate  and  elofe  the  gold  leaf 
ftrips  alternately. 

IV.  You  will  obferve,  that  we 
fcarcely  know  the  time  in  which 
glafs,  wax,  rofin,  Sec.  lofe  the 
powers  they  acquire  by  excitation. 
I  have  fome  reafons  for  believing 
that  a  furface  of  this  kind,  if  kept 
in  air  perfectly  dry,  may  be  kept, 
without  any  new  friclion,  in  a  ftate 
of  excitation  for  years. 

V.  Bodies  of  any  thicknefs  may 
be  excited.  I  have  fome  glafs  cy. 
linders  in  my  porTeffion,-  of  very 
great  denfity3  whofe  effects  have 
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not  proved  fenfibly  lefs  than  others, 
which  electricians,  reafoning  a  pri- 
ori, would  have  preferred,  as  being 
much  thicker.  I  have,  likewife, 
excited  glafs  Jhms,  fo  as  to  fhew 
equal  power  with  tubes  of  the  fame 
diameter. 

VI.  The  fphere  of  an  excited 
eleftrics  influence,  or  the  diftance 
to  which  it  will  extend  its  repel- 
lent or  attractive  effects,  as  fhewn 
by  the  gold  leaf  {trips,  we  may 
fafely  fay,  will  depend  on  the  di- 
menfionb  and  goodnejs  of  the  ex- 
cited eleclric. 

The  dimenfions,  however,  of  this 
fphere  are  very  much  diverfified 
by  the  different  temperatures  and 
humidity  of  the  air.    A  few  floating 
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particles  of  duft  will  caufe  a  va- 
riety of  refult ;  fo  will  the  open- 
ing of  a  door;  an  increafe  either 
of  refpiration  or  perfpiration  in 
the  operator ;  and,  above  all,  the 
quantity  of  flying  particles  which 
are  perpetually  refting  themfelves 
on  the  furface  of  an  excited 
ele&ric* 

Numerous  efforts  have  been  made 
to  determine  the  law  of  electrical 
influence.  —  Lord  Stanhope  has 
proceeded  mathematically,  and  dis- 
covered a  mod  accurate  agreement 
between  the  language  of  facl  and 
the  corrolaries,  which  he  inferred 
from  feveral  abftraft  proportions. 
Mr.  Morgan,  who  is  well  known 
for  his  (kill  in  calculation  and 
finance,  has  furnifhed  us  with  the 
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beft    method  of    determining   this 
law  experimentally. 

FIG.    III. 

A  is  the  convex  extremity  of  an 
excited  furface. 

EC  is  a  metallic  rod,  delicately 
fufpended  on  the  point  E. 

CF  is  defigned  to  contain  any 
weight  which  may  be  applied  to 
the  extremity  of  the  rod. 

The  apparatus  mould  be  as  light 
as  poffible,  and  is  bed  made  of 
reed  and  cork,  covered  with  tin 
foil. 

While  the  furface,  A5  is  in  an 
excited  Rate,  B  is  brought  within 
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a  certain  di  fiance  of  it,  and  the 
weight,  moved  by  its  influence, 
is  carefully  obferved.  A  fimilar 
obfervation  is  then  made  at  a 
fecond,  a  third,  and  a  fourth 
diitance. 

Varieties  will  be  difcovered  in 
the  refult  of  thefe  obfervations, 
proceeding  from  the  impoffibility 
of  keeping  the  furface  for  any  con- 
fiderable  time  in  the  fame  Hate  of 
excitation.  Thefe  varieties,  how- 
ever, are  trifling,  and,  in  a  vaft 
number  of  experiments,  the  weights 
diminifhed  very  nearly  in  the  du- 
plicate ratio  of  the  increafed  dif- 
tance. 
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HlTHERTO  I  have  direded 
your  attention  wholly  to  fads. — 
We  have,  therefore,  trod  on  firm 
ground.  I  fhall  now  lead  you 
fome  way  into  the  region  of  pro- 
babilities, and  endeavour,  by  com- 
bining the  light  of  conjecture  and 
experience,  to  give  you  a  more 
general  view  of  the  circumftances 
which  I  have  reprefented  as  the 
mere  effects  of  friction,  or  as 
having  no  other  connexion  with 
each  other,  than  that  of  being  the 
common  attendants  of  one  fimple 
procefs. 


Why  the  friction  of  electrics  is 
followed  by    the    confequences    I 
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have  juft  enumerated,  is  a  ques- 
tion immediately  fuggefted  by  what 
you  have  feen  and  heard  :  I  will 
now  try  to  anfwer  it. 

All  electrical  appearances  muft 
proceed  from  fomething  whofe  na- 
ture is  corporeal. 

The  truth  of  this  proportion 
is  fairly  inferred  from  the  dila- 
tion of  fome,  and  the  perfora- 
tion of  mod  bodies,  by  the  paf- 
fage  of  that  which  is  hence  called 
the  electric  fluid.  Indeed,  there 
are  fads  whofe  peculiarities  at 
firft  fight  feem  to  contradict  it. 
Amongit  others,  is  the  impoflibi- 
lity  of  communicating  motion  to  a 
rod,  fufpended  with  the  utmoft  de« 
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licacy,  by  conveying  the  largeft 
attainable  quantity  of  eleclricity 
through  one  of  its  extremities. — 
If  (it  may  be  faid)  a  body  ftrikes 
in  this  cafe  upon  one  end  of  the 
lever,  be  its  quantity  ever  fo  fmall, 
with  a  velocity  that  is  abfolutely 
infinite,  why  does  no  degree  of 
momentum  take  place  ?  It  may 
be  anfwered  briefly?  that  we  can 
produce  fa6ts  perfectly  analogous 
to  the  preceding,  whofe  circum- 
ftances  will  not  admit  of  the  fame 
doubt. 

A  cannon-ball,  fired  through  the 
extremity  of  a  wooden  lever,  very 
delicately  balanced,  will  not  move 
it ;  and  this  Angularity  might  be 
adduced  with  as  much  juftice   to 
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prove  that  a  cannon  ball  is  no- 
thing, as  the  preceding  to  prove 
that  the  caufe  of  electrical  appear- 
ances is  not  a  body. 

But  if  we  admit  the  corporeal 
nature  of  that  which  is  hence  with 
accuracy  called  the  electric  fluid, 
let  us  attend  to  the  neceffary  con- 
fequences  of  what  we  admit : — 
lft,  That  the  electric  fluid,  like 
all  other  corporeal  fubftances,  is 
capable  of  attraBing  and  of  being 
attracted.  2dly,  That  in  confe- 
quence  of  this  capacity,  it  enters 
into  an  union  with  other  bodies, 
and  that  as  the  nature  of  the  fub- 
ftances to  which  it  is  united  may 
vary,  fo  the  degree  of  force  by 
c   2 


20  LECTURES    ON 

which  it  is  united  may  fliew  an 
equal  variety.  3clly,  That  when 
the  electric  fluid  is  feparated  from 
any  body,  this  feparation  muft  be 
the  effect  of  leffening  the  force 
by  which  it  was  united  to  that 
body,  and  thus  giving  the  attractive 
force  of  another  body  the  fupe- 
riority;  or  it  muft  be  the  effect, 
of  very  much  increafing  the  force 
of  the  third  body,  and  thus  de- 
ftroying  the  equilibrium. 

Suppofe  that  any  body,  A, 
fhould  be  capable  of  uniting  to 
itfelf,  or  fuppofe  the  law  of  its 
conflitution  were  fuch  as  to  admit 
of  its  attaching  fifty  particles  of 
the  electric  fluid  to  itfelf,  when 
near  or  in  contact,  with  another 
body,  B,   which    like  wife    has    an 
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attraction  to  thofe  particles;  now 
in  cafe  any  fuch  change  fhould 
take  place  as  would  add  twenty 
particles  to  B,  and  leave  thirty 
only  in  A,  this  change,  it  is  evi- 
dent, muft  proceed  either  from  a 
diminution  of  A's  attracting  force, 
or  from  an  adequate  increafe  of 
force  in  B. —  Having  deduced, 
from  the  corporeal  nature  of  the 
electric  fluid,  fuch  confequences 
as  mew  that  when  it  is  feparated 
from  a  body,  it  muft  proceed  from 
a  diminution  of  attractive  force  in 
the  body  that  yields,  or  an  in- 
creafe of  the  fame  force  in  the 
body  that  takes;  let  us  now  ex- 
amine how  friction  is  likely  to  be 
the  caufe  of  fuch  changes. 

c  3 


2  2  LECTURES    ON 

By  attending  to  the  nature  of 
friction,  we  fhall  find  it  to  be  no- 
thing more  than  a  fucceffion  of 
preffure  or  contacts  of  the  dif- 
ferent parts  of  different  fubflances 
againft  each  other  :  and  the  quef- 
tion  in  the  prefent  cafe  is  this; — 
whether  contact,  is  neceffarily  at- 
tended with  a  change  of  attractive 
force  in  the  different  fubflances 
which  are  brought  together?  or 
whether  the  clofe  union  of  a  par- 
ticle of  filk,  hair,  leather,  Sec.  to 
a  particle  of  glafs,  may  be  attended 
with  a  change  of  capacity  in  thofe 
bodies  to  retain  the  electric  fluid  ? 
— If  this  queflion  be  admitted,  I 
think  the  particular  mode  in  which 
friction  operates,  is  eafily  difco- 
vered.     I  will    explain  myfelf  by 
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a  reference  to  what  I   regard   as 
analogous  facls. 

Say,  that  the  vitriolic,  the  ni- 
trous, or  marine  acids,  contain 
any  particular  quantity  of  heat; 
water  likewife  contains  its  due 
quantity ;  but  when  any  two  of 
thefe  bodies  are  united,  their  ca- 
pacity for  retaining  heat  is  dimi- 
niflied,  and  confequently,  as  foon 
as  the  mixture  is  made,  a  vaft 
quantity  of  heat  is  difcharged,  and 
abforbed  by  fuch  furrounding  bo- 
dies as  are  ready  to  receive  it. 

Again,  if  fait  and  water  be 
mixed,  a  combination  is  made, 
whofe  capacity  for  retaining  heat 
is  increafed,  and  confequently  the 
mixture  feels  cold,  or  attracts  heat 
c  4 
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from  any  body  which  may  come 
in  contact  with  it.  On  thofe  who 
deny  the  corporeal  nature  of  heat, 
the  preceding  inftances  will  not 
(I  am  fenfible)  have  any  other  ef- 
fect than  to  ferve  as  an  eluci- 
dation. In  my  opinion,  they  are 
aftual  decompofitions,  fimilar  to 
what  I  am  now  explaining,  in 
which  one  conftituent  body  is  let 
loofe,  becaufe  the  force  which  at- 
tracted it,  is  diminifhed  by  the 
union  of  two  other  bodies. 

But  if  a  particle  of  acid  or  water 
quits  another  fubflance,  in  confe- 
quence  of  proximity  or  contaft: 
to  a  third  fub fiance,  why,  in  like 
manner,  may  not  a  portion  of  the 
ele6lric  fluid  be  let  loofe,  owing 
to  the  greater  or  lefs  capacity  of 
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any  two  bodies  when  prefled  more 
clofely  together,  than  during  their 
feparation. 

The  inftances  I  have  now  pro- 
duced, and  indeed  all  other  in- 
ftances derived  from  a  knowledge 
of  chemiftry,  it  may  be  faid,  are 
applicable  to  fluid  bodies  only : 
whereas,  when  the  electric  fluid  is 
let  loofe,  the  effect,  proceeds,  in 
molt  known  cafes,  from  uniting 
the  furfaces  of  two  folid  bodies. 

A  moment's  confideration  mull, 
I  think,  convince  us,  that  the  in- 
ftances alluded  to,  differ  in  degree 
rather  than  in  nature. 

When  fluids  are  united  toge- 
ther, the  contact,  is  moll  complete : 


e6 
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for  the  particles  of  the  body  ap- 
proach each  other  in  a  greater 
number  of  directions  than  when 
the  fur  faces  of  two  folids  are 
united.  But  there  is  the  fame  con- 
tact in  both  cafes,  with  this  dif- 
ference only,  that  in  folic!  bodies 
it  takes  place  between  two  par- 
ticles in  one  point.  Briefly,  then, 
my  idea  of  the  manner  in  which 
friction  operates,  is  this;— when 
two  electrics  are  preffed  clofely 
together,  while  they  continue  to- 
gether, they  become  capable  of 
taking  more  or  retaining  lefs;  and 
if  this  be  allowed,  I  think  the 
various  appearances  of  bodies  in 
a  ftate  of  excitation  are  eafily 
accounted  for. 

However,  it  may    be  aiked,  If 
the   change  produced   in  the   fur- 
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faces  of  two  bodies  be  the  effect 
merely  of  bringing  the  bodies 
nearer  together,  why  does  not 
contact  alone  produce  the  fame 
effect.?  I  muft  anfwer,  that  the 
feveral  inftances  of  fpontaneous 
electricity  enumerated  by  Wilcke, 
Epinus,  and  Others,  appear  to  me 
to  be  fo  many  evidences  of  the 
preceding  theory.  In  thofe  in-, 
fiances  we  fee  the  excitation  of 
furfaces  take  place  in  fuch  cir- 
cumftances  as  will  not  rationally 
admit  of  any  other  caufe  than 
fimple  contact. 

I.  When  fulphur  is  melted  into 
an  earthen  veffel,  if  the  veffel  be 
fupported  by  a  conducting  fub- 
ftance,  the  fulphur,  when  cold 
and  feparated  from  the  veffel,  is 
(trongly  electrical. 
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II.  If  fulphur  be  melted  into 
glafs  veffels,  when  cold,  the  glafs, 
whether  fupported  by  electrics  or 
not,  will  be  pofitively  electrical, 
and  the  fulphur  negative. 

III.  Melting  fealing-wax,  when 
poured  into  glafs  cups,  acquired 
a  negative  electricity;  upon  being 
feparated,  the  glafs  was  pofitive. 

IV.  Melting  fealing-wax,  when 
poured  into  fulphur,  became  po- 
fitive, and  the  fulphur  negative. 

V.  Sulphur  was  melted  into 
metal  cups :  while  they  were  to- 
gether, no  figns  of  electricity  were 
difcovered;  but  as  foon  as  they 
were  feparated,  flrong  figns  of 
electricity    were    difcovered :    the 
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cup  was  negative,  the  fulphur  po- 
fitive. 

It  is  evident,  I  think,  from  the 
preceding  fa&s,  that  contact  alone 
is  adequate  to  the  production  of 
electricity.  I  would  add,  that  in 
the  only  cafe  where  contact,  may 
be  applied  moll  completely,  elec- 
tricity is  produced  in  a  mod  re- 
markable degree. — By  Bennett's 
new  ele£trofcope,  we  find  that  the 
(lighted  evaporation  (which  is  cer- 
tainly the  union  of  watery  with 
aerial  particles)  produces  imme- 
diate figns  of  electricity.  How 
rationally  all  the  electrical  ap- 
pearances of  our  atmofphere  may 
be  afcribed  to  the  fame  fource, 
will  be  (hewn  more  fully  here- 
after. 
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Before  I  quit  this  fubject,  I 
would  explain  to  you  the  reafons 
why,  in  many  cafes,  agreeably  to 
the  preceding  hypothecs,  friction 
is  neceffarily  much  more  powerful 
in  its  effects  than  preffure. 

Suppofe  A  to  be  a  particle  of 
filk,  brought  into  contact  with  a 
particle  of  glafs,  which  I  call  B; 
by  the  increafe  of  attraction  con- 
fequent  upon  the  union,  the  com- 
bined bodies  become  capable  of 
attracting  a  portion  of  the  fluid, 
which,  I  fay,  is  equal  to  five.  Now 
A  is  no  fooner  feparated  from  B, 
than  another  particle  of  filk  comes 
in  contact,  and  produces  a  fimilar 
effect.  The  portion  accumulated 
is  now  ten.  A  third  comes  into 
fucceffive  contact  with  B,  and  adds 
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to  the  accumulation ;  and  while 
the  rubbing  goes  on,  a  feries  of  fuc- 
ceffive  effefts  is  produced  by  a  fe- 
ries of  fucceffive  unions  and  fepa- 
rations;  for  A  is  no  fooner  fepa- 
rated  from  B,  than  it  is  brought 
into  that  ftate  in  which  it  was  be- 
fore the  union,  and  confequently 
difpofed  to  part  with  what  it  gained 
by  the  union.  Now  if  you  fup- 
pofe  A  and  B,  inftead  of  being 
fingle  particles,  to  be  furfaces,  all 
of  whofe  parts  operate  at  the  fame 
time,  you  may  eafily  perceive  how 
the  effect  would  be  increafed. 

In  the  preceding  cafe  I  defcribed 
the  capacity  of  A  and  B  to  be  en- 
larged by  their  union.  If  it  had 
been  leffened,  the  fubfequent  ef- 
fects would  have  been    different  > 
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for  in  fuch  a  cafe,  after  the  diffo- 
lution  of  their  contact,  they  would 
be  difpofed  to  receive  or  re-take 
what  they  had  loft  by  their  union. 
— But  I  will  fpeculate  no  longer 
on  the  confequences  of  friction, 
as  elucidated  from  the  fuppofed 
corporeal  nature  of  the  electric 
fluid,  and  from  the  changes  fup- 
pofed to  take  place  on  the  attrac- 
tive force  of  different  bodies  when 
brought  into  very  clofe  contacl 
with  each  other. — Let  us  now  en- 
deavour to  account  for  the  other 
appearances  which  we  have  de- 
fcribed  in  this  lecture. 

I.  The  attraction  of  light  bo- 
dies by  excited  furfaces  is  nothing 
more  than  the  re-action  of  the 
fluid  on  thofe  fuhftances  which  it 
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is  leaving.  If  a  magnet  and  a 
piece  of  iron  be  delicately  fuf- 
pended  at  fome  distance  from  each 
other,  both  the  attracting  and  the 
attracted  body  will  be  moved. 
In  like  manner,  while  the  electric 
fluid  is  leaving  the  filken  thread, 
Fig.  I.  it  carries  the  thread,  to 
which  it  is  attached,  towards  the 
excited  furface :  but  when  the 
filken  thread  receives  the  fluid, 
it  is  apparently  repelled  by  the 
excited  furface ;  for  the  courfe  of 
the  fluid  is  then  into  the  furround- 
ing  air,  and  confequently  its  direc- 
tion becomes  the  direction  of  the 
thread. 

II.  The  reafon  why  moifture  di- 
minifhes  the  power  of  excitation 
will    be   explained   hereafter:    but 
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the  increafe  of  excitation  by  the 
moderate  life  of  oil,  Sec.  (if  the 
principles  I  have  already  laid  down 
be  admitted)  may  in  my  opinion 
be  afcribed,  with  fome  probability, 
to  the  more  perfect  contacl  which 
is  thus  produced,  and  perhaps  to 
the  greater  change  which  is  pro- 
duced by  the  contact  of  fome  than 
of  other  bodies. 

III.  It  is  obvious,  if  we  have 
rightly  accounted  for  the  effects  of 
friction,  that  the  thicknefs  of  a 
glafs  cannot  materially  affeel:  its 
power  of  excitation ;  for  the  par- 
ticles at  the  furface  only  operate, 
and  the  diminution  or  increafe  of 
their  capacity  cannot  much  de- 
pend on  the  quantity  of  the  fame 
matter  which  is  internally  annexed 
to  them. 
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IV.  If  a  furface  have  loft  of 
gained  any  quantity  of  ele&ric 
fluid,  it  is  evident  ♦hat  the  figns  of 
excitation  will  remain  till  another 
body  is  brought  near  enough  either 
to  fupply  the  want,  or  take  away 
the  fuperabun dance.  Air  is  not 
capable  of  producing  fuch  effe&s, 
and  confequently,  while  air  alone 
furrounds  an  excited  body,  we  can- 
not well  expeft  that  the  duration  of 
years  would  produce  any  change, 
either  in  its  pofitive  or  negative 
ftate. 


We  have  hitherto  confined  our- 

felves  to  the  mod  obvious  effects 

of  excitation,    or   to    the    changes 

attendant  upon  friclion  in  or  near 

d  2 
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the  furfaces  of  the  bodies,  which, 
from  the  capacity  of  being  excited, 
are  called  electrics.  As  we  ad- 
vance, the  machinery  we  employ, 
to  produce  the  appearances  of  elec- 
tricity, become  gradually  more 
complicate.  Thus  far  we  have  made 
ufe  only  of  a  dry  piece  of  glafs, 
rofin,  amber,  &c.  and  a  piece  of 
filk,  fkin,  hair,  or  leather,  as  a 
rubber,.  For  convenience  fake,  in 
applying  the  power  of  friction,  the 
furface  .  moft  generally  employed 
by  modern  electricians,  is  that  of 
a  cylinder ;  againft  one  part  of 
which,  a  cufhion  filled  with  hair, 
and  covered  with  leather,  is  kept 
with  a  light  preffure,  fo  as  to  ope- 
rate fuccefhvely  on  a  confiderable 
portion  of  the  cylindrical  furface? 
as  it  moves  round* 
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The  contact  of  the  two  electrics 
is  generally  increafed  by  a  piece 
of  filk,  which  is  as  wide  as  the 
cufhion,  and,  extending  from  its 
upper  extremity,  covers  near  one-, 
half  of  the  excited  furface.  —  I 
fhall  hereafter  give  the  rationale, 
and  a  minute  defcription  of  this 
and  every  other  part  of  an  elec- 
trical apparatus. 

You  have  feen,  in  the  laft  lec- 
ture, that  a  body  of  the  fluid  was 
collected  on  that  part  of  the  glafs 
which  had  juft  undergone  the  fric- 
tion. It  is  this  collected  body  of 
the  fluid  that  will  caufe  the  appear- 
ances obfervable  when  the  follow- 
ing addition  is  made  to  our  ap- 
paratus. 

c3 
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FIG.   IV. 

On  a  piece  of  glafs,  AB,  (the 
longer  and  firmer  it  is,  the  better, 
provided  you  do  not  make  it  either 
clumfy  or  inconvenient)  fix  a  me- 
tallic tube,  DC,  in  length  about 
two  feet,  and  in  diameter  four 
inches  nearly.  Let  this  tube  be 
carefully  freed  from  all  edges, 
points,  and  other  prominences  :  to 
the  fide  of  this  tube,  which  is  bed 
known  by  the  name  of  conduc- 
tor, let  a  row  of  points  be  faf- 
tened,  fuch  as  gh ;  and  while  the 
glafs  is  excited,  let  thefe  points  be 
placed  oppofite  that  part  of  the 
glafs  which  has  juft  been  rubbed, 
or  which  is  juft  quitting  the  filk. 
In  a  few  moments  you   may  ob- 
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ferve  a  brilliant  fpark  paffing  from 
the  points  to  the  cufhion.  If  you 
bring  your  nuckle  or  wrifl  near 
the  conductor,  the  fpark  will  flrike 
into  it.  An  acute  noife  may  be 
perceived  at  the  fame  inftant,  to- 
gether with  a  difagreeable  fenfa- 
tion  in  the  ftricken  part;  and,  in 
cafe  the  metallic  tube  and  cylinder 
be  large,  a  violent  making  will 
be  felt  in  the  joints  and  elbows.— 
The  leading  circumftances  which 
demand  our  attention  in  the  pre- 
ceding operation,  are,  the  found 
of  the  fpark,— the  varieties  depend- 
ent upon  the  various  forms  of  the 
conductor, — the  figure  of  the  fpark 
—its  length, — the  violence  or  force 
of  the  fpark, — and,  finally,  the  bril- 
liancy of  the  fpark. 
b  4 
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I.  THE  SOUND. 

WHEN  the  termination  of  the 
conductor  is  fharpened,  by  an- 
nexing to  it  a  fmall  ball,  not  ex- 
ceeding an  inch  in  diameter,  the 
fpark  is  lengthened,  and  the  noife 
is  very  much  diminimed.  The 
noife  is  loudeft  when  the  fpark  is 
made  to  ftrike  from  one  flat  fur- 
face  to  another;  for  in  this  cafe  its 
courfe  is  ftraight,  and  of  courfe 
that  percufiion  of  the  different  par- 
ticles againft.  each  other,  which 
caufes  found,  is  mod  violent.  The 
deflections  or  zigzag  of  a  fpark  is 
a  proof  that  the  fluid,  in  its  paf- 
fage,  finds  fome  difficulty  (if  I  may 
be  allowed  the  exprefTion)  in  con- 
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quering  the  obfiruclions  it  meets : 
therefore,  as  this  zigzag  increafes, 
you  may  always  obferve  that  the 
found  deadens,  or  becomes  lefs 
acute.  When  the  fpark  is  made  to 
pafs  thro'  a  tube  of  glafs  flopped 
at  bo'th  ends,  the  noife  is  entirely 
hufhed.  In  making  this  experi- 
ment, the  glafs  tube  muft  be  very 
dry,  otherwife  it  will  be  impoflible 
to  prevent  that  whole  quantity  of 
fluid,  which  is  accumulated  near 
the  conductor,  from  efcaping  along 
the  fides  of  the  glafs. 

In  a  very  early  period  of  this 
fcience,  an  electrician  obferved 
fome  analogy  between  the  fnapping 
of  a  fmall  fpark  and  the  explofion 
of  a  thunder-cloud.  I  have  often 
been  puzzled,  while  attempting  to 
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fix  upon  that  circumftance  of  fimi- 
larity  which  ft  ruck  Mr.  Grey's  ima- 
gination ;  but  I  always  concluded 
that  he  owed  more  in  this  inftance 
to  his  good  fortune,  and  his  bold- 
nefs  as  a  theorift,  than  to  his  pene- 
tration as  a  philofopher.  You  will 
fee,  however,  in  a  fubfequent  part 
of  thefe  Lectures,  that  the  acute, 
cracking,  undivided  noife  of  a 
fpark,  and  the  deep,  reverberating 
roar  of  the  lightning,  are  identical 
effects  of  the  fame  caufe,  differing 
in  degree  only,  and  not  in  nature. 


II.  THE  VARIETIES  DEPENDENT  UPON 
THE  FORM  AND  DIMENSIONS  OF  THE 
CONDUCTOR. 

Numerous  are  the  differences 
which  refult  from  varying  this  part 
of  the  apparatus.   The  whole  of  its- 
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atlion  Teems  to  confift  in  fp reading 
that  fluid  which  is  accumulated  on 
the  cylinder  to  a  body  of  air,  which 
the  fluid  would  not  otherwife  reach, 
and  in  promoting  the  inftantaneous 
difcharge  of  the  loaded  air,  when 
circumftances  are  fo  managed  as  to 
admit  of  a  difcharge.  If,  after  the  air 
is  loaded,  the  conductor  were  anni- 
hilated, no  change  would  take  place 
in  the  accumulation  of  the  fluid; 
for  the  whole  of  the  charge  would 
ftill  remain  in  the  furrounding  air. 
On  the  other  hand,  the  air  would 
never  be  difcharged  inftantaneoufly 
or  all  at  once,  unlefs  the  con- 
ductor be  reftored  to  its  former 
fituation. 

The  whole  of  what  I  have  now 
foid,  is   proved  by   experiment. — 


44  LECTURES    ON* 

When  a  thick  chain,  or  a  great 
number  of  halls,  connected  with 
each  other,  forms  a  conductor; 
when,  moreover,  your  contrivances 
are  fo  managed,  that  the  chain  or 
balls,  as  foon  as  the  air  is  charged, 
fhall  drop  into  an  infulated  cup, — 
on  removing  the  cup,  you  will  find 
that  the  conductor  has  fcarcely  any 
(igns  of  electricity :  whereas  the 
(late  of  the  air,  in  which  the  chain 
was  fufpended,  is  fcarcely  altered ; 
for,  upon  raifmg  the  chain  again 
into  the  fame  portion  of  air,  a 
fpark  will  ftrike  from  it,  on  the 
application  of  the  hand,  or  of  a 
metallic  fub fiance.  What  I  have 
juii  now  faid,  will  be  fufficient  to 
convince  you  that,  provided  your 
conductor  be  ever  fo  large,  none 
of  the  fluid,   which  paffes  from  it, 
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is  collected  in  itfeif :  the  atmofphere 
alone  is  loaded,  and  to  this  only 
you  mud  confine  your  ideas  of  the 
lofs  or  fup er abundance  which  takes 
place.  I  call  your  particular  atten- 
tion to  thefe  circumftances,  as  I 
have  Teen  the  molt  extravagant  er- 
rors committed,  in  the  fabrication 
of  fome  modern  theories,  owing 
either  to  an  ignorance  or  a  mif- 
conception  of  them. 

The  metallic  nature  of  the  con- 
ductor is  the  next  particular  which 
commands  our  obfervation. 

If  it  be  made  of  wood,  when 
applied  to  an  excited  furface,  a  cer- 
tain portion  of  the  furrounding  air 
will  be  charged  as  in  the  preceding 
cafe,  but  the  air  will   receive  the 
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fluid  very  flowly  :  befides,  what- 
ever charge  is  conveyed  to  the  at- 
mofphere  by  wood,  cannot  be  dif- 
charged  inftantaneoufly,  as  in  the 
inftance  of  metallic  conductors ; 
but  on  the  application  or  approach 
of  a  metallic  ball,  the  fluid  paries 
to  it  in  a  continued,  filent  ftream, 
or  in  the  form  of  a  fpark  attended 
with  little  or  no  found.  In  other 
words,  fome  time  is  required  to 
unload  the  charged  atmofphere  of 
the  fluid  which  it  contained. 

If,  inflead  of  wood,  a  piece  of 
glafs,  of  fealing-wax,  or  any  other 
body  which  is  capable  of  excita- 
tion, be  placed  in  the  circum- 
flances  of  the  metallic  conductor, 
no  change  whatever  will  take  place. 
I  -mean  to  fay,  that  fo  much  air 
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only  will  be  charged,  as  we  find 
loaded  or  charged  when  no  con- 
ductor is  brought  near  the  excited 
cylinder. 

From  this  peculiar  property  elec- 
trics have  received  the  name  of 
non-conductors;  —  and  in  the 
fame  property  we  find  the  reafon 
why  metallic  conductors,  before 
they  can  be  charged,  are  placed 
upon  them;  for  having  no  power 
to  convey  the  fluid  from  one  part 
of  the  atmofphere  to  another,  they 
afford  no  vent  or  paffage  for  ef- 
cape  to  that  portion  of  the  fluid 
which   is  accumulated   around  or 

near   the    metallic    conductor. 

When  any  electric  is  employed  to 
fupport  the  metallic  conductor,  it 
is  then  called  an   insulator,  as 
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it  is  in  many  other  cafes  where  it 
is  ufed  for  fimilar  purpofes. 


III.  THE  FIGURE  OF  THE  SPARK. 

This  depends  entirely  on  the 
fuperficial  dimenfions  of  that  part 
from  which  it  proceeds,  and  of 
that  body  which  receives  it. 

If  the  fpark  be  taken  from  a 
ball,  two  or  three  inches  in  dia- 
meter, its  paffage  will  be  perfectly 
ftraight. 

If  it  be  taken  from  a  little  ball, 
half  an  inch  in  diameter,  the  form 
of  the  fpark  will  be  a  zigzag. 

But  if  the  conductor  fhould  ter- 
minate in  a  point,  or  in  an  edge,  or 
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any  acute  protuberance,  the  fluid 
paffes  to  fuch  conducting  bodies 
as  are  brought  near  it,  in  a  di- 
verging, uninterrupted  ftream,  or, 
in  cafe  no  fuch  bodies  are  near  it, 
into  the  air  itfelf;  fo  that,  unlefs 
the  machine  be  very  large  indeed, 
it  is  impoffible  to  procure  any 
thing  like  a  fpark  at  the  diflance 
of  more  than  half  an  inch  from  the 
point.  If,  however,  the  point  or 
edge,  inftead  of  protruding,  be 
forced  back,  fo  as  to  be  on  a  level 
with  the  furface  of  the  conductor, 
the  fpark  may  be  formed  as  com- 
pletely as  if  the  part  from  which 
it  ilruck  were  perfectly  fpherical. 

Hitherto  I  have  merely  fhewn  you 
how  far  the  formation  of  the  fpark 
depends  on  the  figure  of  the  part 
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from  which  it  Jlrikes:  the  fame 
effect,  it  is  to  be  obferved,  de- 
pends at  the  fame  time  very  much 
on  the  figure  of  the  part  which  re- 
ceives it.  No  fpark  is  formed 
when  a  point  is  brought  near  the 
conductor,  or  when  the  body 
which  receives  the  fluid  is  made 
acute  :  but  if  the  point  be  buried  in 
a  ball,  fo  as  not  to  protrude  beyond 
its  furface,  the  fpark  is  perfectly 
formed ;  nay,  a  metallic  point  may 
be  circumftanced  fo  as  to  receive 
a  fpark,  in  cafe  that  point  be  faf- 
tened  to  a  metallic  fubftance  which 
is  feparated  from  the  hand,  or  any 
other  conducting  body  connected 
with  the  ground  by  a  piece  of  dry 
glafs,  whofe  length,  together  with 
that  of  the  point's  feparation  from 
the  conductor,  mull  not  be  greater 
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than  the  common  ftriking  diftance 
of  the  fpark  in  air. 


IV.  THE  LENGTH  OF  THE  SPARK,  OR  THE 
VARIETY  OF  DISTANCE  THROUGH 
WHICH  THE  SPARK  STRIKES  FROM 
THE  CONDUCTOR, 

This  depends  upon  feveral  dif- 
tinct.  circumftances,  viz.  The  length 
and  diameter  of  the  condu&or; 
the  termination  from  which  the 
fpark  ftrikes ;  the  dimenfions  of 
the  cylinder,  or  the  diftance  of  the 
cufhion  from  the  point  which  re- 
ceives the  collected  fluid;  and, 
finally,  the  pofition  of  the  con- 
ductor.. 

1.  If  the  length  alone  of  the 
conductor  be  increafed,  the  fpark 

E   2 
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is  rather  fhortened  than  prolonged 
by  the  change.  This  effect  was 
obferved  by  Dr.  Prieftley,  in  a 
very  early  period  of  his  electrical 
purfuits.  If  I  remember  rightly, 
His  experiment  was  made  with 
many  yards  length  of  wire,  whofe 
diameter  did  not  exceed  one-fourth 
of  an  inch.  The  extremity  of  this 
wire,  when  charged  as  high  as  pof- 
fible,  would  not  yield  a  longer 
fpark  than  a  conductor  of  two  feet 
in  length,  and  two  inches  in  dia- 
meter. In  the  "  Scelte  D'Opuf- 
cule,"  may  be  feen  a  diflertation  of 
Signior  Volta's  on  the  fame  fub- 
jccl;  from  which  it  evidently  ap- 
pears, that  feveral  rods  eight  feet 
in  length,  and  half  an  inch  in 
diameter,  fufpended  at  the  diftance 
of  twelve  inches  from  each  other. 
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would  not  afford  that  length  of 
fpark  which  he  got  from  a  conduc- 
tor of  the  fame  length,  and  about 
twelve  inches  in  diameter.  Mr. 
Brook  of  Norwich  has,  with  great 
induftry,  purfued  this  fubjecl:.  I 
have  feen  him  connect  near  twenty 
rods  (covered  with  tin  foil)  about 
fix  and  a  half  feet  in  length,  and 
three-fourths  of  an  inch  in  dia- 
meter, at  the  diftance  of  near  a 
foot  from  each  other.  The  whole 
apparatus,  when  complete,  refem- 
bled  a  large  gridiron,  fufpended 
by  glafs  rods  from  his  deling.— 
From  fo  large  an  extent  of  con- 
ductor, I  do  not  remember  ever 
to  have  feen  a  fpark  ftrike,  ex- 
ceeding fix  inches  in  length  : — 
whereas,  from  a  conduclor  eight 
feet  in  length,    and  five  inches  in 

^  3 
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diameter,  I  have  often  feen  fparks 
ftrike,  nine  inches  one-fourth  long, 
though  the  fame  cylinder  was  ex- 
cited in  both  cafes. 

From  the  preceding  fa&s,  it  is 
fufficiently  clear,  that  increafe  of 
length  in  a  conductor  does  not 
contribute  to  the  length  of  the 
fparks  you  produce.  The  quef- 
tion  which  occurs  from  this  con- 
clufion  is  very  obvious. 

2.  Suppofe  we  increafe  length 
and  diameter  at  the  fame  time,  will 
the  effecl:  be  different  ?  I  can, 
from  my  own  experience,  anfwer 
in  the  negative.  By  the  moll  pow- 
erful excitation  of  a  cylinder  four- 
teen inches  in  diameter,  the  fpark 
afforded     by    a    conductor    eight 
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inches  in  diameter,  and  twelve  feet 
long,  did  not  equal  half  the  length 
of  that  which  I  procured  from  the 
fame  cylinder  with  a  conductor 
equally  thick,  but  fhortened  to  fix 
feet.  I  have  many  reafons  for  be* 
lieving  that  a  conductor  of  three 
feet  in  length,  and  fixteen  inches 
in  diameter,  would  have  yielded 
a  longer  fpark  than  either  of  the 
preceding. 

Let  us,  however,  proceed  to  an- 
other circumftance,  on  which  the 
length  of  the  fpark  very  much  de- 
pends. 

3.  'I    mean    the    proportion  of 
your  cylinders  dimenfions  to  thofe 
of   your  conductor.     If   the    dia- 
meter   of    this    part    of  your  ma- 
t  4 
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ehinery  be  fmail,  the  conductor, 
long  before  it  is  fully  charged,  will 
difcharge  itfelf  over  the  furface  of 
the  cylinder  into  the  rubber.-— 
When  the  conductor  is  very  long, 
it  is  a  fmall  cylinder  indeed  that 
will  charge  it  to  a  very  confider- 
able  height.  — - 1  have  feen  Mr. 
Brook  apply  a  cylinder,  four  inches 
only  in  diameter,  to  the  gridiron 
conductor  which  I  have  already 
defcribed,  and  the  fpark  afforded 
was  fo  violent,  that  I  could  hardly 
endure  it :  whereas  the  fpark  from 
a  conductor  of  fix  inches  dia- 
meter, and  about  five  feet  in 
length,  was  fo  foon  charged  with 
power  enough  to  ftrike  acrofs  the 
cylinder,  as  to  yield  a  very  trifling 
fpark.  The  infantine  (late  of  this 
icience  will  not  allow  us  to  point 
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out,  with  any  precifion,  the  fpace 
through  which  the  charge  of  a  par- 
ticular conductor  will  ftrike.  — 
Twenty-three  inches,  I  think,  has 
been  the  greateft  length  of  a  fpark 
afforded  by  a  conductor  fix  feet 
long,  and  twelve  inches  in  dia- 
meter. I  obferved,  during  the 
operation  of  this  machine,  that  a 
longer  fpark  could  not  be  ob- 
tained, becaufe  the  charge  paffed 
over  the  cylinder,  which  was  18 
inches  in  diameter,  to  the  cufhion. 

There '  is  a  limit  in  thefe  cafes 
which  our  experience  has  not  yet 
determined;  but  I  would  call  your 
attention  to  a  fourth  circumftance 
on  which  the  length  of  the  eleclxic 
fpark  very  much  depends. 
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4.  The  pofition  of  the  conductor. 
— It  was  formerly,  nay,  very  lately, 
the  cuftom  to  place  the  conductor 
fo  as  to  form  right  angles  with  the 
fide  of  the  cylinder;  —  one  difad- 
vantageous  confequence  of  this  me- 
thod was,  the  ab folate  neceflity  of 
ufing  no  more  than  three  or  four 
points  at  the  diftance  of  three- 
fourths  of  an  inch  from  each  other 
for  the  collection  of  the  fluid.  A 
great  quantity  of  it,  therefore,  was 
allowed  to  efcape  to  the  wooden 
caps  and  the  cufhion. — Befides, 
this  pofition  removed  the  con- 
ductor entirely  out  of  the  atmof- 
phere  of  the  cylinder.  The  effect 
of  this,  and  of  the  other  difadvan- 
tages  which  I  have  mentioned,  may 
be  immediately  perceived  by  com- 
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paring  thofe  machines  in  which  the 
rectangular  pofition  is  retained,  to 
fuch  as  adopt  the  alteration  firft 
obferved  in  Mr.  Nairne's  patent 
machine. 

5.  But  the  fize  of  the  ball,  from 
which  the  fluid  is  received,  is  an- 
other circumftance  connected  with 
the  length  of  the  electric  fpark. 

When  I  have  experienced  an 
impoflibility  of  making  the  fluid 
ftrike  over  more  than  four  inches 
from  the  fides  of  a  conductor,  I 
have  been  generally  able  to  get  a 
fpark  ten  inches  long,  from  an  inch 
and  quarter  ball,  placed  at  the  ex- 
tremity of  the  fame  conductor.  — 
If  the  ball  be  reduced  to  three- 
fourths  of  an   inch,  the  fluid  will 
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ftrike  in  fucceffive  flames,  and 
"will  not  pafs  in  a  colle&ed  body, 
till  the  diftance  between  the  ftri- 
king  and  the  receiving  body  be 
very  much  diminifhed. 

Having  fully  confidered  the 
found,  the  form,  and  the  length 
of  the  fpark,  we  fhall  now  pro- 
ceed, 


V.  TO  ITS  VIOLENCE  OR  FORCE. 

This  does  not  increafe  with  its. 
length  :  on  the  contrary,  it  is  evir 
dent,  from  our  feelings,  as  wTell  as 
from  fome  other  tefts,  that  if  the 
fpark  be  received  from  the  body 
of  the  conduclor,  and  not  from 
a  protruding   ball    annexed  .either 
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to  its  fide  or  its  extremity;  that 
in  the  former  cafe  it  is  much  more 
painful  than  the  latter. 

Befides,  a  very  large  conductor 
affords  but  a  very  fhort  fpark, 
.which,  compared  with  others  which 
ftrike  through  a  body  of  air  feven 
times  longer  than  that  of  its  own 
paffage,  (hews  a  manifeft  fuperi- 
ority  of  force.  Signior  Volta  has 
given  particular  attention  to  this 
fubject. :  he  eftablifhes  the  faft: ; 
but  we  are  far,  ftill  very  far,  in 
this,  as  in  many  other  cafes,  from 
an  approach  to  any  determined 
law. 

Dr.  Prieftley,  judging  by  the 
teft  of  his  feelings  only,  has  ob- 
ferved,  that  if  a  metallic  ball  be 
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placed  between  the  conductor  and 
the  ball  which  receives  its  con- 
tents, the  force  of  the  fpark  is 
much  increafed.  I  have  often  at- 
tended to  this  circumfiance,  and  I 
have  always  experienced  feelings 
fimilar  to  thofe  defcribed  by  Dr, 
Prieftley. 

In  the  "  Scelte  D'Opufcule,"may 
be  feen  a  moil  prolix  and  parading 
description  of  a  method  to  increafe 
the  ftrength  of  the  fpark,  by  a  Sig- 
nior  Litta,  whofe  Angular  garrulity 
is  not  lefs  remarkable  than  the  er- 
ror which  he  commits;  for,  after 
awakening  the  curiofity  by  feveral 
quarto  pages  in  praife  of  his  own 
difcovery,  the  whole  terminates 
with  an  obfcure  account  of  his 
applying  a  Leyden  phial,  inftead 
of  a  conductor,  to  the  excited  cy- 
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Iinder,  and,  confequently,  of  his 
miftaking  the  violence  of  a  Jliock 
for  the  force  of  a  /park.     But, 

6.  The  moft  fingular  circunv 
fiance  of  the  electric  fluid,  in  its 
paffage  through  the  air,  is  the  light. 
— Provided  the  receiving  and  the 
difcharging  balls  be  not  diftant 
from  each  other  above  half  an 
inch,  a  continued  ftream  of  the 
moft  brilliant  light  will  appear  du- 
ring the  excitation.  When  the  dif- 
tance  of  the  balls  is  in.creafed, 
fparks,  equally  brilliant,  will  fol- 
low each  other  in  a  moft  rapid  fuc- 
ceflion.  When,  however,  the  dif- 
tance  equals  four  inches,  unlefs 
your  machine  be  a  very  large  one, 
the  appearance  of  the  fpark  will 
begin   to  vary,    as   you   vary  the 
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form  of  what  terminates  your  con- 
ductor; for  a  ball,  an  inch  in  dia- 
meter, will  afford  a  fpark,  whofe 
edges  will  be  purplifh,  and  from 
which  feveral  ramifications  will  di- 
verge, whofe  colour  will  be  al- 
together purple  or  indigo.  —  The 
brilliancy  of  the  fpark  is  greateft 
when  it  paffes  through  a  tube,  and 
its  colours  are  weakeft  when  it  is 
mofl  divided.  In  cafe  the  termi- 
nation of  your  conductor  be  a 
point,  then  the  brum  which  paffes 
into  the  air  is  of  a  bluifh  colour. 
As  we  proceed  with  this  fcience, 
the  Angularities  of  the  eleclric  light 
will  be  frequently  demanding  our 
attention. 

I  will  now  remind  you,  that  the 
detail  of    circumflances,    which    I 
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have  juft  laid  before  you  were  the 
confequences  of  a  very  fimple  ad- 
dition   to   our    apparatus,    or   of 
placing  a  metallic  tube  of  certain 
dimenfions,    parallel     or    perpen- 
dicular,   to   the    excited    cylinder. 
We   mall    now   proceed    to  make 
another  addition  to  our  apparatus, 
whofe  effects,  when  compared  with 
thofe   we   have    juft   enumerated, 
will  be  found  to  differ  in  degree 
only,    or  to  flow  from  the  imme- 
diate operation  of  the  fame  caufes. 
As,  therefore,  what  will  be  faid  to 
explain  the  preceding  may  be  ap- 
plied with  eafe  to  the  explanation 
of  many  other  appearances,   I  mail 
go  on  with  a  fimple    account   of 
facts,    nor  mail  I   flop  in  this  pro- 
grefs,  till  you  are  fo  well  furnifhed 

VOL.  I.  F 
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with  experience  as  to"  be  qualified 
for  taking  a  more  general  view  of 
the  fcience. 
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INSTEAD  of  the  conduBor  of 
infulated  metallic  tube*  whofe  ef- 
fects, when  applied  to  an  excited 
furface,  appeared  from  the  circum- 
ftanees  and  fafts  enumerated  in  my 
laft  Lecture,  I '  (hall  now  fubftitute 
a  cylindrical  glafs  veffel  covered 
with  tin  foil  on  the  inflde  and  the 
outride,  having  a  fmall  part  only 
of  its  furface  uncoated.  This  part 
extends  from  the  edge  of  the  glafs 
on  both  fides  to  the  diflance  of  two 
or  three  inches.  Conne6ted  with 
the  tin  foil  on  the  infide  of  the 
veffel  is  a  wire,  whofe  upper  extre- 
mity is  in  contact  with  the  excited 
electric.  Fig.  V.  explains  the 
apparatus.     During  the  -excitation 

F    2 
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of  the  glafs,  when  thus  circum- 
ftanced,  the  following  appearances 
take  place.  The  influx  of  a  tor- 
rent of  the  electric  fluid  into  the 
infide  of  the  glafs  veffel ;  a  lu- 
minous ftar  at  each  receiving  point 
of  the  conductor,  which,  after  the 
excitation  of  fome  feconds,  is  at- 
tended by  the  appearance  of  fe- 
veral  little  ftreams  of  the  fluid  paf- 
fing  from  the  points  to  the  cufhion. 

A  fudden  explofion  very  foon 
fucceeds,  together  with  a  molt  bril- 
liant difplay  of  the  fluid  in  its  paf- 
fage  from  the  inner  to  the  outfide 
coating. 

This  effect,  is  called  the  fpon- 
taneous  difcharge  of  the  glafs  vef- 
feh  which  is  known  amongft  elec- 
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tricians  by  the  name  of  the  Leyden 
phial. 

If,  however,  at  any  period  of 
the  operation,  previous  to  the  Hid- 
den explofion  or  fpontaneous  dif- 
charge,  you  conned  the  wire  and 
the  outfide  coating  by  a  metallic 
rod,  with  metallic  balls  at  its  ex- 
tremities (fee  Fig.  VI.)  the  fame 
explofion,  in  a  leffer  degree,  will 
take  place,  and  the  fame  brilliancy 
of  light  will  appear. 

But  in  both  cafes,  if  you  exa- 
mine the  glafs  veffel  after  the  dif- 
charge,  you  will  find  that  a  fmall 
portion  of  the  electric  fluid  (till 
remains,  and  is  capable  of  being 
removed  by  forming  a  fecond  me- 
tallic communication  between  the 

F3 
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infide  and  the  outfide  coating.  If, 
previoufly  to  the  difcharge  of  the 
jar,  you  place  one  hand  on  the 
outfide,  and  then  touch  the  wire 
with  the  other  hand,  the  fluid 
then  paffes  through  your  arms  and 
body,  in  which  is  experienced  at 
the  inftant  a  moft  violent  and  pain- 
ful concuffion. 

A  great  number  of  diverfities 
may  be  obferved  in  the  effecls  I 
have  now  briefly  enumerated,  by 
the  feveral  poflible  variations  which 
may  take  place  in  the  following 
parts  of  the  apparatus. — lft,  The 
glafs  veffel.  2d,  The  coating.  3d, 
The  interval  of  uncoated  glafs. 
4th,  The  interval  of  air  between 
the  wire  and  the  glafs.  5th,  The 
metallic  or  other  fubftances  which 
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are    employed   to   make   the   dis- 
charge. 

I.  THE  GLASS  VESSEL. 

If  this  be  very  thin,  and  the  un- 
coated  interval  not  lefs  than  an 
inch  on  each  fide  of  the  veffel, 
the  procefs  of  charging  will  be 
foon  followed  by  a  harfh,  crafhing 
noife,  and  in  fome  part  of  the 
glafs,  upon  examination,  will  be 
found  a  fmall  hole,  from  which  a 
multitude  of  cracks  will  diverge, 
fo  as  to  give  it  the  appearance  of 
a  ftar.  If  the  glafs  be  very  thick, 
I  mean  about  one-fourth  of  an  inch 
thick,  the  fpontaneous  difcharge 
will  happen  fooner;  but  the  vio- 
lence and  quantity  of  the  fluid 
which  is  now  difcharged  will  be 
f  4 
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much  inferior  to  what  paries  from 
one  fide  to  the  other  when  the 
glafs  is  thinner. 

The  diverfities  which  proceed 
from  varying  the  form  of  the  glafs 
vefTel  are  not  very  numerous  or 
important.  When  the  dimenfions 
of  the  neck  are  very  fmall,  the 
wire  is  fo  near  the  uncoated  part 
of  the  glafs,  as  confiderably  to 
haften  the  fpontaneous  difcharge. 

No  change  of  refult  takes  place 
if  the  coated  glafs,  inftead  of  being 
cylindrical,  be  either  cubical,  hex- 
agonal, or  of  any  other  figure. 

I  mould  add,  that  all  electrics, 
when  fimilarly  treated,  difplay  fi- 
milar  phcenomena.       In    common 
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life,  however,  glafs  is  generally 
preferred,  becaufe  it  is  mofl  eafily 
moulded  into  a  proper  form  and 
thicknefs.  It  has,  notwithftanding, 
one  quality  in  which  it  is  inferior 
to  every  other  ele&ric.  Its  power 
of  attracting  moifture,  which,  when 
collected  from  the  furrounding  at- 
mofphere  on  the  uncoated  interval 
of  the  veffel,  renders  it  incapable 
of  being  charged  without  frefh 
wiping  and  drying.  This  incon- 
venience, when  a  great  number  of 
phials  is  ufed,  is  attended  with  great 
trouble.  Of  all  fubftances  which 
experience  has  brought  to  my  ac- 
quaintance, talc  is  the  mofl  free 
from  difadvantages  of  this  kind. 
I  have  charged  a  lamen  of  it,  and 
after  the  expofure  of  fome  hours 
to  the  air,  without  any  particular 
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attention  to  its  infulation,  I  have 
found  its  charge  fcarcely  dimi- 
nifhed. 


II.  THE  COATING. 

The  neceflity  of  a  metallic  coat- 
ing, for  the  production  of  the  ef- 
fects already  defcribed,  requires 
your  attention.  Without  this  coat- 
ing, the  phial,  if  clean  and  dry, 
will  take  but  a  very  trifling  charge, 
and  even  the  trifling  quantity  of 
fluid,  which  is  thus  collected,  can- 
not be  difcharged  all  at  once.  By 
forming  a  metallic  connexion  be- 
tween the  outfide  and  the  infide, 
fcarcely  any  refemblance  to  an  ex- 
plofion  is  produced.  Inftead  of 
a  fnap,  you  hear  a  whizzing  noife 
only ;    and  inftead  of  a  fpark,  a 
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final!  ftream  appears  in  its  paffage 
from  the  wire  which  touches  the 
infide^  to  the  ball  which  is  con- 
nected with  the  outfide.  The  ear- 
lier! appearances  of  the  Leyden 
phial  were  difcovered  by  putting 
water  into  it;  but  experiments 
prove  that  water  (even  when  the 
veffel  is  filled  with  it  to  a  proper 
height,  and  when  it  is  covered  on 
the  outfide  to  the  fame  height)  will 
not  admit  of  a  perfect  difcharge, 
as  may  be  eafily  perceived  by  the 
found  of  the  explofion,  and  the 
faint  colour  of  the  fpark. 

Mufchenbrook,  and  fome  other 
electricians,  who  were  amongft  the 
firft  that  experienced  the  electric 
ftroke,  mull  have  allowed  fear 
very  much  to  have  inflamed  their 
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imaginations,  when  they  gave  that 
account  of  it,  in  which  the  lofs  of 
kingdoms  is  reprefented  as  trifling, 
compared  to  the  dangers  of  bear- 
ing a  fecond  blow  :  for  the  fize  of 
their  phial,  the  circumftance  of  its 
being  filled  with  water;  the  proba- 
bility that  the  outfide  was  not  co- 
vered with  moifture  or  any  other 
conducting  fubftance,  fo  as  to  an- 
anfwer  the  coating  on  the  infide ; 
thefe,  together  with  many  other 
particulars  whofe  effects  tended  to 
lenen  the  charge,  muff,  have  ren- 
dered the  ftroke  they  felt  very  in- 
confiderable  indeed. 

I  know  of  nothing  befides  the 
acids  which  can  acl:  as  a  coating 
I  with  any  degree  of  perfection  ap- 
proaching to   that   of   the  metals. 
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The  acids,  however,  cannot  be  laid 
on  with  any  convenience  or  per- 
manence, or  with  any  protection 
againft  the  dangers  which  are  well 
known  to  fuch  as  are  acquainted 
with  their  corrofive  qualities.  I 
have  as  yet  found  no  difference 
between  the.  different  metals,  in 
their  goodnefs,  as  coatings.  I  have 
tried  brafs  filings,  mercury,  lead, 
tin  foil,  Sec.  and  they  are  all 
equally  powerful  in  their  effects. 


III.  THE  UNCOATED  PART  OF  THE 
GLASS. 

If  any  duft,  moifture,  or  dirt, 
be  fpread  over  this  portion  of  the 
glafs,  (agreeably  to  wliat  I  have 
already  obferved)  all  attempts  to 
charge  the  phial  will  be  ineffec- 
tual. 
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If  a  fin  all  protrufion  of  the  metal- 
lic coating  extends  to  the  diflance 
of  one-third  or  half  an  inch  on  the 
un coated  glafs,  the  fame  inconve- 
nience will  be  experienced  in  fome 
degree,  and  this  circumftance  urges 
the  neceffity  of  having  the  edge 
of  the  coating  cut  as  evenly  as 
poflible. 

The  proper  dimenfions  of  the 
uncoated  part,  it  is  my  intention 
to  determine  (if  I  can)  by  fome 
future  experiments.  I  would,  how- 
ever, obferve  that  thefe  dimen- 
fions are  by  no  means  proportional 
to  the  magnitude  of  the  furface, 
but  to  the  height  of  charge  which 
the  veffel  is  capable  of  taking.  If 
the  glafs  be  very  thin,  and  the 
coatings  be  diftant  from  each  other 
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fix  inches,  the  glafs  always  breaks 
when  the  charge  is  carried  to  any- 
great  height.  If  the  glafs  be  thick, 
the  diftance  of  the  coatings  may 
be  ten  or  twelve  inches,  and  no 
fracture  take  place.  I  have  flop- 
ped the  coating  off  the  outfide  of  a 
pint  phial,  nine  inches  high,  and 
two  inches  in  diameter,  till  it  was 
all  uncovered,  excepting  one  inch 
of  the  furface,  meafuring  from 
the  bottom.  In  this  cafe  the  phial, 
unbroken,  would  difcharge  itfelf 
from  the  wire  connected  with  the 
infide,  over  the  diftance  of  nine 
inches  on  the  outfide. 

When  the  uncoated  interval  of 
the  glafs  is  made  very  hot,  the  fpon- 
taneous  difcharge  is  very  much 
haftened  :  but  if  the  uncoated  in- 
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terval  be  dirtied  to  a  certain  de- 
gree, the  fpontaneous  difcharge  is 
much  retarded,  and  the  phial  en- 
abled to  take  a  much  higher  charge 
than  it  would  otherwife  admit  of. 
I  cannot  fpeak  the  language  of  Ex- 
perience with  regard  to  the  efficacy 
of  covering  the  uncoated  part  of 
the  phial  with  a  good  varnifh. 
When  experiments  are  made  in  a 
humid  atmofphere,  I  fhould  expect 
that  a  great  deal  of  toil  might  be 
faved  by  fuch  an  attempt  to  keep 
off  the  moifture.  —  If  the  varnifh 
be  in  the  leaft  glutinous,  the  lit- 
tle particles  of  duft,  which  float  in 
the  air  of  the  room,  will  flick,  and 
carry  off  a  vaft  quantity  of  the 
fluid,  —  efpecially  when  the  charge 
gets  to  be  very  high. 
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When  the  phial  is  difcharged  in 
the  dark,  the  appearance  of  the 
uncoated  part  of  the  glafs  is  very 
curious./  From  all  parts  of  it  a 
croud  of  luminous  ftreams  may  be 
feen  pouring,  as  it  were,  from  the 
edge  of  the  glafs  towards  the  me- 
tallic coating.  This  appearance 
proceeds  from  the  partial  charge 
which  the  uncoated  glafs  has  re- 
ceived, and  which,  when  the  dif- 
charge  is  made,  becomes  luminous 
in  the  feveral  tracts  which  it  fol- 
lows. I  would  likewife  obferve 
that  the  caufe  which  operates  in 
this  inftance,  is  likewife  the  caufe 
of  that  fecond  charge  which  every 
bottle  is  found  to  have  after  the 
firfl  difcharge  is  made ;  for  the 
uncoated  part  is  but  partially  dif- 
charged, owing  to  the  want  of  a 

vol.  i«  G 
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good  metallic  connexion  between 
the  feveral  parts  of  the  glafs ;  but 
the  refidue,  which  is  thus  left,  is 
foon  conveyed  over  the  whole  in- 
ternal furface  of  the  phial,  and 
thus  communicates  to  it  a  fmail 
fecond  charge. 


IV.   THE  DISCHARGING  ROD.. 

When  this  is  made  of  an  unin- 
terrupted piece  of  metal,  the  elec- 
tric fluid  pafies  through  it  without 
affecting  the  hand  which  holds  it. 

But  if  the  rod  confifts  of  two 
metallic  pieces  tied  together  ever 
fo  clofely,  and  if  you  hold  it  above 
the  juncture  during  the  difcharge, 
you  will  feel  a  fhock  in  a  fmall 
degree.  This  is  owing  to  the  im- 
perfection of  the   contact  which  is 
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formed  between  the  two  pieces, 
and  to  the  fmall  refiftance  made 
by  the  interval  of  air  exifting  be- 
tween them. 

When  the  termination  of  the 
rod  (I  mean  that  which  is  applied 
to  the  wire)  is  not  more  than  half 
an  inch  in  diameter,  a  hiffing'noife 
will  be  heard  previous  to  the  dif- 
charge,  and  the  explofion  will  be 
much  inferior  to  what  takes  place 
when  a  larger  ball  is  ufed. 

If  the  termination  be  a  point, 
it  will  be  impoffible  to  procure  a 
difcharge  with  it,  unlefs  you  bring 
the  point  very  rapidly  indeed  to- 
wards the  jar,  or  unlefs  the  other 
extremity  be  feparated  from  the 
coating  by  a  fmall  interval  of  air. 
G  2 
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To  procure  a  perfectly  inftan- 
taneous  difcharge,  the  rod  muft 
be  made  of  metal;  all  other  bodies 
will  either  difcharge  the  phial  par- 
tially, or  not  at  all. 

In  a  fubfequent  part  of  thefe 
Leclures  I  fhall  call  your  moft  pa- 
tient attention  to  this  difference  in 
the  conducting  powers  of  bodies. 
It  is  time,  however,  that  I  Ihould 
amufe  you  by  breaking,  for  a  while, 
the  plain  feries  of  facls  which  we 
have,  without  interruption,  ex- 
tended thus  far.  Let  us  now  at- 
tempt, by  the  aid  of  well-founded 
principles  and  fair  deduction,  to 
obtain  a  more  general  view  of  the 
fcience,  and  penetrate,  if  poffible, 
into  the  caufe  of  many,  among  ft 
the  numerous,  effects  which  we 
have  defcribed. 
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i  HE   leading  principles   of  our 

theoretical   knowledge   in   the  fci- 

ence   of    electricity,    are    the  fol- 
lowing. 

ift,  The  corporeal  nature  of 
that  fomething  on  whole  operations 
electrical  phcenomena  depend. 

2d,  That  the  union  of  this  with 
other  bodies  depends  on  an  at- 
tractive force,  or  on  the  mutual 
•attraction  fubfifting  between  that 
corporeal  fomething,  which  is  call- 
ed the  electric  fluid,  and  the  body 
to  which  it  is  united. 

3d,  That  of  the  electric  fluid 
there  is  a  certain  quantity  only  re- 

G3 
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tained  by  different  fubflances;  and 
moreover,  that  without  fome  alte- 
ration in  their  conftituent  parts, 
it  is  impoffible  they  mould  retain 
more  than  that  certain  quantity, 
or  lofe  any  portion  of  it.  Several 
corrolaries,  which  flow  from  the 
eftablifhment  of  thefe  leading  prin- 
ciples, will,  in  conjunction  with 
the  application  of  the  principles 
themfelves,  enable  us  to  explain 
feveral  electrical  appearances. 

lit,  For  the  corporeal  nature  of 
that  fomething,  on  which  electri- 
cal appearances  depend,  I  have 
already  given  you  my  reafons. 

2d,  To  prove  the  mutual  attrac- 
tion fubfiflincr  between  the  electric 
fluid  and  other  bodies,  nothing  is 
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necefiary  but  the  eflablifhment  of 
its  corporeal  nature;  for  without 
the  capacity  of  attracting  and  of 
being  attracted,  it  would  want  one 
of  the  effential  properties  of  mat- 
ter. However,  if  you  have  re- 
courfe  to  your  own  memories,  you 
rouft  recollect  fads  which  eftablifh 
this  principle  on  the  bafis  of  ex- 
perience. The  feparation  of  the 
pith  balls  and  other  light  fub- 
flances,  when  charged  with  the 
fluid,  together  with  the  invariable 
motion  of  feathers,  particles  of 
duft,  &c.  in  the  direction  of  the 
fluid,  fhew  that  the  two  fubftances 
move  together,  becaufe  they  ad- 
here or  are  united  to  each  other 
by  an  attractive  force. 

I  would  add,  that  when  the  elec- 

G   4 
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trie  fluid  efcapes  from  a  quantity 
of  water  into  the  furrounding  air, 
it  always  carries  with  it  a  portion 
of  watery  particles  into  the  fur- 
rounding  atmofphere,  and  thus 
produces  a  very  confiderable  eva- 
poration., 

The  cool  current  of  air,  which 
may  be  felt  when  the  fluid  is  patting 
from  a  metallic  point,  fpeaks  a  fi- 
milar  language. 

But  your  eyes  may  bear  tefti- 
mony  to  the  effect  of  the  fame  mu- 
tual attraction  in  the  following  ex- 
periment. Let  the  charging  wire 
of  a  Leyden  phial,  I  mean  that 
which  conne&s  the  conductor  and 
the  infide  furface  of  the  glafs,  be 
covered   with    linfeed  oil :     when 
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the  phial  is  charged  highly,  the 
fluid  will  begin  to  fpit  from  the 
wire,  and  the  oil  will  fly  off  in  the 
fame  direction  with  it,  forming,  in 
its  various  paflages,  feveral  little 
beautiful  dreams.  Ah  experiment 
frequently  made  by  itinerant  lec- 
turers, to  amufe  their  fpeclators, 
is  of  the  fame  kind.  Let  a  piece 
of  fealing-wax,  in  a  melting  or  fof- 
tened  ftate,  be  annexed  to  a  con- 
ductor: if  the  conductor  be  charg- 
ed, and  a  metallic  ball  brought 
near  the  wax,  the  electric  fluid, 
in  paffing  to  the  ball,  will  carry 
with  it  a  continued  firing  of  the 
fufed  wax. 

3d,  There  is  a  certain  quantity 
of  the  electric  fluid  in  all  fub- 
ftances,  the  increafe  or  diminution 
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of  which  is  altogether  impoffible, 
without  fome  previous  alteration 
in  the  constituent  parts  of  thofe 
fubftances.  Numerous  are  the  moll 
decifive  experiments  which  fupport 
this  proportion.  I  will  prefent  you 
with  a  few  of  the  principal. 

i.  Let  a  Leyden  phial,  of  any 
magnitude,  be  fufpended  from  your 
conductor,  in  fuch  a  manner  as  to 
have  no  contact  with  any  thing  but 
the  wire  which  fattens  it  to  the 
conductor :  in  other  words,  let  it 
be  infulated  by  a  body  of  air,  fo 
as  to  be  eight  or  ten  inches  diftant 
from  the  table  the  machine  refts 
upon,  or  any  thing  elfe  of  a  con- 
ducting nature  that  is  connected 
with  the  ground.  In  thefe  cir- 
cumftances,  the   excitation  of  the 
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largeft  cylinder  will  not  communi- 
cate the  leaft  charge  to  the  phial, 
as  you  may  be  convinced  by  the 
application  of  a  difcharging  rod, 
or  by  any  one  of  thofe  numerous 
particulars  which  we  have  defcribed 
as  the  invariable  attendants  of  a 
difcharged  phial. 

2.  Let  a  glafs,  of  the  form  repre- 
fented  in  Fig.  VII.  be  ufed  as  a  Ley- 
den  phial ;  let  the  knob  A  be  faf- 
tened  to  a  brafs  wire,  which,  during 
the  expofure  of  it  to  a  charged 
conductor,  touches  the  bottom  of 
the  glafs  AB  ;  let  the  metallic  coat- 
ing on  the  outfide  not  rife  above 
one-third  the  height  of  the  glafs; 
fill  the  iniide  to  the  very  neck  with 
any  body,  either  fluid  or  folid. — 
Now  in  cafe  the  veffel,  when  ap- 
plied to  the  charged   conductor, 
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be  infulated  as  in  the  laft  experi- 
ment, we  fhall  find  it  incapable 
of  receiving  a  (ingle  atom  of  the 
fluid,  whatever  be  the  bulk  .or 
magnitude  of  the  body  contained 
in  the  glafs.  I  would  obferve, 
that  the  leaft  protuberance  on  the 
outride  coating,  or  the  incautious 
approach  of  a  conducting  point 
connected  with  the  ground,  or  one 
out  of  a  variety  of  other  minute 
xircumftances,  when  difregarded, 
will  caufe  a  mod  important  diver- 
sity in  the  preceding  experiment. 
Hence  it  is,  that  fome  perfons 
have  been  led,  by  their  own  flo- 
venly  inaccuracy,  to  reject  the 
only  rational  theory  of  the  Leyden 
phial.  I  would  further  obferve, 
that  the  preceding  experiments 
fhew  only  that  no  addition  of  the 
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ele&ric  fluid  can  be  made  to  any 
fubftance  whatever.  I  will  now 
proceed  to  give  you  experiments 
^with  an  intention  to  prove  that 
when  an  addition  is  made  to  one 
furface  of  a  body,  a  quantity,  equal 
to  what  is  added,  is  immediately 
loft  from  the  oppofite  furface. 

3.  Fig.  VIII  When  the  phial  is 
infulated,  let  the  metallic  ball  A, 
annexed  to  its  charging  wire,  be 
brought  within  a  certain  diftance  of 
the  ball  B,  which  protrudes  by  a 
metallic  connexion  from  the  con- 
ductor. Let  C,  connected  by  a 
wire  with  the  ground,  be  as  far 
from  the  outfide  of  the  coating  as 
A  is  from  the  ball  B.  When  the 
cylinder  is  excited  (or,  to  ufe  the 
language  of  electricians,  is  made 
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to  work)  you  may  perceive  a  num- 
ber of  fparks  ftrike  from  the  out- 
fide  to  C,  equal  to  thofe  which 
contemporaneoufly  pafs  from  B  to 
A.  However,  this  experiment  is 
not  the  only  proof  of  the  propo- 
rtion in  queftion.  If  C  be  con- 
nected with  the  in  fide  of  another 
phial,  which  is  not  infulated,  you 
will  find  that  the  quantity  which 
has  pafled  from  the  outfide  of  the 
upper  phial,  to  the  infide  of  the 
lower,  is  exaclly  equal  to  that 
which  is  accumulated  on  the  in- 
fide of  the  upper  phial. 

4.  You  will  fee  hereafter,  that 
water,  fpirits  of  wine,  and  fome 
other  liquids,  wilf  not  allow  more 
than  a  certain  quantity  of  the  elec- 
tric  fluid  to  pafs  through  them.— 
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On  this  principle  is  founded  the 
following  experiment,  which  I  de- 
fign  mould  be  acknowledged  as  a 
further  proof  of  the  propofition 
in  queftion. 

Fig.  A  F  is  an  infulated  phial; 
BD  an  infulated  tube  filled  with 
water;  E  the  prime  conductor; 
C,  as  in  the  preceding  experiment, 
a  metallic  ball,  connected  with  the 
ground:  when  the  conductor  is 
charged  properly,  a  very  faint  fpark 
will  pafs  from  E  to  D  contempora- 
neoufly  with  another  from  B  to  A9 
and  a  third  from  F  to  C :  thefe 
fparks  will  all  refemble  each  other  in 
found,  fize  and  colour.  If  the  tube 
BD,  filled  with  water,  be  removed 
from  between  A  and  F,  and  placed 
between  F  and  C,  the  fame  ap- 
pearances will  take  place  ;  for  the 
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water  will  allow  fo  much  of  the 
fluid  only  to  pafs  from  the  outfide, 
in  this  inftance,  as  is  conveyed 
upon  the  infide  in  the  preceding, 
and  the  fpark  from  A  to  E  will 
now  be  no  greater  than  it  was 
when  BD  was  fituated  between 
thofe  points.  A  great  number  of 
experiments  might  be  eafily  fhewn 
on  the  prefent  occahon,  which  vary 
a  little  in  their  circumftances ;  but 
all  of  them  would  fpeak  the  fame 
language  with  the  preceding,  and, 
in  my  opinion,  remove  all  doubts 
with  regard  to  the  truth  of  our 
proportion,  viz.  that  bodies  can 
receive  no  addition  to  their  natural 
fhare  of  the  fluid,  and  that  fuch 
bodies  as  are  capable  of  being 
charged,  lofe  from  one  furface  as 
much  as  can  be  accumulated  on 
the  oppofite  furface. 
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The  latter  part  of  the  propor- 
tion is  confined  to  electrics  or  bo- 
dies capable  of  being  excited. — 
Of  non- electrics,  or  fuch  bodies 
as  metals,  &c.  it  is  here  to  be  ob- 
ferved,  that  it  is  not  only  impof- 
fible  to  add  to  their  natural  fhare 
of  electricity,  but  that  they  are 
likewife  incapable  of  having  their 
oppofite  furfaces  affected  fimilarly 
to  thofe  of  glafs,  &c.  On  the 
contrary,  the  inftantaneous  diffu- 
fion  of  the  fluid  through  their 
whole  mafs,  be  it  ever  fo  large, 
and  be  the  quantity  of  the  fluid 
ever  fo  fmall,  is  that  peculiarity 
from  which  they  derive  the  name 
of  conductors,  and  which,  in  a 
moft  remarkable  manner,  diftin- 
guifhes  them  from  electrics. 

VOL.  i.  il 
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1  HE  mode  in  which  the  force 
of  attraction  operates,  when  elec- 
trics are  charged,  is  capable,  I 
think,  of  eafy  explanation. 

Let  us  fuppofe  ABCD,  Fig.  X. 
to  reprefent  a  certain  thicknefs  of 
any  electric,  at  whofe  furface,  and 
in  whofe  fubftance,  the  electric 
fluid  exifts  as  a  component  part. 

In  cafe  the  particles  at  one  fur- 
face  AC,  be  taken  away,  it  is  clear 
that  the  force  which  attracted  them 
is  difengaged  for  attracting  any 
uncombined  particles  which  come 
within  the  fphere  of  its  activity. 
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If  the  force  which  unites  the 
electric  particles  within  the  body, 
to  the  fubftance  of  that  body,  be 
lefs  than  that  which  is  active  at  the 
furface,  then  it  is  clear  that  the 
deficiency  will  be  fupplied  ab  in- 
tra, or  from  the  fubftance  of  the 
body,  and  that  the  deficiency,  thus 
eaufed,  will  be  again  fupplied  by 
any  fimilar  fubftance  that  comes 
in  contact  with  it ;  fo  that  the  fluid 
will  appear  to  pafs  through  the 
body,  with  an  eafe  proportionable 
to  the  fmallnefs  of  that  force  within 
the  body  which  obftrufts  the  re- 
moval of  its  inherent  particles. 

If  the  force  which  unites  the 
electric  fluid  to  the  internal  parts 
of  the  body,  be  greater  than  that 
which  is  active  ab  extra,  the  defi- 

H  2 
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ciency  then  will  not  be  fupplied 
from  the  body  itfelf :  none  of  its 
inherent  particles  can  be  removed, 
and  the  attractive  force  can  ope- 
rate only  at  one  of  two  places,  ei- 
ther by  immediately  attracting  to 
the  furface,  where  it  exifts,  the  due 
quantity  of  the  fluid,  or  by  accu- 
mulating the  fame  quantity  at  the 
oppofite  furface,  provided  the  in- 
tervening thicknefs  does  not  re- 
move it  to  a  diltance  which  the 
attracting  force  cannot  reach. 

FIG,   XL 

In  ABCD,  the  black  fpots  re- 
prefent  the  electric  fluid;  the  finall 
circles  the  integrant  particles  of 
the  electric. 

If  the  black  fpots  be  taken  away 
from  the  circles  lying  in  the  direc- 
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tjon  of  c,  f,  it  is  obvious  that  thofe 
circles  will  be  in  force  to  a£t  upon 
the  fpots  in  the  direction  of  b»  e» 
which  will  give  way,  provided  the 
force,  by  which  they  are  attached 
to  their  adjoining  circles,  be  lefs 
than  the  force  of  the  circles,  which 
attract 

The  fame  changes  will  take  place 
under  fimilar  circumftances,  be- 
tween b,  e,  and  a,  d  j  and  fo  on* 
ad  infinitum,  or  to  the  utmoft  ex- 
tent of  that  body  whofe  peculiar 
property  is  that  which  I  have  juft 
defcribed. 

But  when   the  (pots  in  the  line 

c,  f,   are  removed,  if  thofe  in  the 

line  b,  e,  are  too  frrongly  attached 

to  be  difplaced,  then  it  is  obvious 

"-  3 
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that  the  force,  caufed  by  the  ab- 
fence  of  the  fpots,  will  continue 
active,  till  a  fupply  is  brought 
within  the  limits  of  its  influence, 
at  the  furface  BD,  or  at  the  fur- 
face  AC.  At  BD%  the  fluid  may 
come  immediately  into  contact  with 
the  attracting  furface;  but  at  AC, 
it  cannot  be  brought  nearer  than 
a  diftance  meafured  by  a,  c. 

I.  From  the  explanation  I  have 
given,  we  may  learn  to  qualify  the 
general  affertion,  "  that  a  body 
cannot  contain  more  than  its  na- 
tural fhare  of  the  electric  fluid;" 
and  we  may  likewife  furnifh  our- 
felves  with  reafons  in  confirmation 
of  it,  in  its  qualified  fenfe,  addi- 
tional to  thofe  which  are  derived 
from  experience. 
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When  the  body  is  charged,  the 
force  of  the  circles,  in  the  line  c,  f, 
a6ts  at  a  greater  diftance  than  it 
does  while  the  body  is  in  its  na- 
tural ftate,  and  therefore  muft  be 
diminished ;  whereas  it  ought  to  be 
increafed,  in  cafe  more  fluid  was 
collected  at  AC,  than  had  been 
previoufly  loft  at  ED. 

There  are  cafes  in  which  a  quan- 
tity of  fluid  is,  as  it  were,  let  loofe, 
and  refts,  apparently  uncombined, 
on  the  furfaces  of  electrics.  That 
part  of  a  glafs  cylinder,  which  has 
been  recently  feparated  from  its 
contact,  with  the  rubbing  filk,  is 
thus  covered ;  but  the  circum- 
ftances  of  this  fact,  are  very  dif- 
ferent from  thofe  of  a  charged 
electric.  The  furface  of  the  glafs 
h  4 
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cylinder,  oppofite  to  that  on  which 
the  fluid  is  collected,  is  not  at  all 
affe&ed,  or,  when  examined  by 
the  mod  delicate  teft,  mews  no 
ligns  of  negation. 

It  has,  in  connexion  with  the 
preceding  affertion,  been  ftrenu- 
oufly  maintained,  "  that  no  nega- 
tive furface  can  exiit  without  a 
correfpondent  pofitive."  This  can- 
not be  true ;  for  that  part  of  an 
electric,  which  has  been  excited 
negatively,  is  precifely  in  this  ftate 
juft  after  it  is  feparated  from  the 
rubbing  fubftance.  This  may  be 
at  any  time  proved  by  examining 
the  furface  oppofite  to  that  which 
has  been  excited.  Indeed,  figns 
of  negative  electricity  may  be 
difcovered    on   the    furface  of  an 
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excited  folid,  or  where  it  is  im- 
poflible  that  a  correfpondent  po- 
fitive  fhould  exift. 

The  general  ajfertion^  then,  "  that 
an  electric  can  contain  no  more 
than  its  natural  fhare  of  the  fluid," 
muft  be  confined  to  charged  bo- 
dies, or  to  fuch  as  are  capable  of 
having  deficiency  exifting  in  one- 
part,  or  on  one  furface,  fupplied 
by  a  communication  with  the  other. 

II.  From  the  explanation  I  have 
given,  the  progrefs  of  changes 
which  takes  place,  while  any  elec- 
tric is  charged,  may  be  eafily  con- 
ceived. 

While  the  rubbed  parts  are  to- 
gether, a  ttrong  attracting  force  is 
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in  action,  which  collects  a  quantity 
of  fluid  from  every  connected  fub- 
ftance,  whofe  adhefive  force  is  in- 
ferior to  that  which  attracts. 

If  no  other  connexion  exifts 
than  between  the  cufhion  and  the 
air  furrounding  it,  then  no  more 
fluid  can  be  collected,  than  what 
that  portion  of  air  can  yield  from 
its  natural  quantity.  Let  the  fur- 
face  of  the  cufhion  be  enlarged, 
then  a  greater  quantity  of  fluid 
will  be  collected;  but  let  the  fur- 
face  of  the  cufhion  be  connected 
with  that  of  the  w<hole  earth,  and 
the  friction  will  then  operate  upon 
an  exhauitlefs  ftore,  and  of  courfe 
every  limit  to  its  effects  be  removed. 

When  the  rubbed  parts  are  fe- 
parated,  the  accumulated  quantity 
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of  electric  fluid  refts  on  the  furface 
of  the  glafs,  and  readily  forms  a 
pofitive  in  one  part  of  the  atmo- 
fphere,  correfpondent  with  the  ne- 
gative, which  the  friction  muft 
have  previoufly  caufed  in  another. 
If,  when  this  change  has  taken 
place,  one  furface  of  the  electric, 
to  be  charged,  be  brought  into 
contact,  with  the  pofitive  portion  of 
the  air,  there  is  then  no  attractive 
force  active  to  produce  any  change; 
but  let  one  furface  be  connected 
with  the  pofitive  portion  of  the  at- 
mofphere,  and  the  other  with  the 
negative  by  conducting  fubftances, 
then  the  fuperabundance  of  one 
part  of  the  atmofphere,  in  contact 
with  one  furface  of  the  electric,  en- 
ables that  portion  of  the  atmo- 
fphere, which  is  deficient,    to   fup- 
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ply  itfelf  from  the  natural  fliare  of 
the  oppofite  furface  of  the  eleo 
trie. 

EFGH,  Fig.  XII.  reprefents  $ 
body  of  the  atmofphere  loaded 
with  an  aditional  quantity  of  the 
fluid, 

ABCD,  the  correfpondent  nega- 
tive. It  is  clear  that  the  fluid,  con- 
tained in  EFGH,  is  kept  in  its  fitu- 
ation  by  the  attractive  force,  which 
is  rendered  aclive  by  the  deficiency 
at  ABCD,  and  that  the  infide  of 
the  glafs  jar  I,  in  contact  with  it, 
cannot  operate ;  for  in  its  na- 
ral  ftate,  its  force  cannot  be  equal 
to  that  of  the  negative,  ABCD; 
but  as  foon  as  you  connect  its  out- 
fide,  K,  with   ABCD.  the  infuffi- 
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ciency  in  that  portion  is  fupplied 
the  more  eafily,  in  proportion  to 
that  diminution  of  the  attractive 
force  at  K,  which  is  caufed  by  the 
nearnefs  of  the  fuperabundant  fluid, 
and  by  the  contemporaneous  ope- 
ration of  the  deficiency  at  ABCD. 

Analagous  to  this  feries  of  chan- 
ges, which  takes  place  between  the 
different  portions  of  a  charged  at- 
mofphere  and  the  oppofite  furfaces 
of  an  electric,  are  the  appearances 
of  two  electrical  jars,  connected 
with  each  other. 

Fig.  XIII.  ABreprefents  a  coated 
jar,  connected  with  another,  BC, 
by  the  wire  B,  which  is  fattened  to 
the  outfide  of  the  upper  and  the 
infide  of  the  lower  iar. 
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When  any  quantity  of  the  fluid 
is  introduced  at  A,  a  quantity  equal 
to  it  paffes  from  its  external  furface 
B  to  the  infide  of  the  lower  jar, 
where  an  accumulation  is  formed, 
and  a  proportional  quantity  is  fe- 
parated  from  the  furface  D. 

Though  the  deficiency  at  B  is 
in  conne£tion  with  the  fuperabun- 
dance  at  C,  it  cannot  be  fupplied 
from  it ;  for  the  attractive  force  at 
B  is  exercifed  upon  the  quantity 
accumulated  on  the  correfpondent 
infide  furface  A  of  the  fame  jar; 
and  moreover,  the  accumulation, 
with  which  it  is  in  contact,  is  kept 
there  by  the  attractive  force  at  D. 

But  if  you  conned,  by  a  metal- 
lic rod,   GH,   the  pofitive  at  A, 
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with  the  negative  at  D,  then  an  op- 
portunity is  given  for  the  attrac- 
tive force  at  B  to  operate  upon 
the  accumulation  at  C;  for  this 
power  is  reieafed  by  the  contem- 
poraneous action  of  the  negative 
at  D,  upon  the  pofitive  at  A:  a 
difcharge,  therefore,  of  both  jars 
takes  place  at  the  fame  inftant, 
and  experiments  prove,  what  might 
be  inferred  from  the  general  ex- 
planation I  have  given,  that  this 
difcharge  has  the  force  only  of  one 
jar. 

Let  the  jars  be  feparated  from 
each  other  by  a  fmall  interval  of 
air  at  E ;  and  while  the  fluid,  in 
palling  from  A  to  C,  appears  lumi- 
nous at  D  and  H,  the  fluid,  in 
paffing  from  B  to   C,  will  appear 
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luminous  in  the   above-mentioned 
interval  E. 

I  have  taken  fome  pains  to  con- 
vince you  that  the  operation  of 
an  attractive  force  alone  is  fuffi- 
cient  to  account  for  all  the  phce- 
nomena  of  charged  electrics— be- 
caufe  my  ideas  on  this  fubject.  are 
very  different  from  thofe  of  Dr. 
Franklin,  who  has  adopted  a  theory 
which,  in  my  opinion,  is  expofed 
to  infuperable  objections. 

He  fuppofes  that  glafs  has  wider 
pores  at  its  furface  than  near  its 
centre,  and  that  the  fmallnefs  of 
the  pores  near  the  centre  will  not 
admit  the  particles  of  the  electric 
fluid,  which  he  confiders  as  too 
large  to  pafs  through  them.     The 
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fluid,  therefore,  is  accumulated  at 
the  furface,  and  there  exercifes  a 
repulfive  power  on  the  particles 
which  are  attached  to  the  oppofite 
fide." 

The  exiftence  of  different 
(ized  pores  in  the  glafs  is  gra- 
tuitoufly  affumed.  and  in  cafe 
it  was  admitted  in  the  fingle  cafe 
of  glafs,  yet  in  other  cafes  it  can- 
not be  even  fuppofed  without  the 
grofleft  abfurdity.  The  inftance 
taken  from  the  power  of  charging 
the  thinned  lamen  of  talc,  is  An- 
gularly ftrong  againft  this  theory 3 
as  its  furface  and  centre  are  fo 
near  each  other,  as  to  preclude  all 
ideas  of  difference  in  the  fize  of 
their  pores. 

vol.  1.  1 
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Befides,  how  does  this  theory 
account  for  a  fuperabundance  and 
correfpondent  deficiency  in  two 
contiguous  plates  of  air  ?  This  is 
a  cafe  in  which  no  contraction  of 
pores  can  exift  to  prevent  the  im- 
mediate reftoration  of  the  equi- 
librium. 

I  cannot  eafily  grant  the  re- 
pulfive  power  of  the  particles  af- 
fumed  in  this  theory.  There  is 
no  other  facl  in  electricity  which 
may  not  be  readily  accounted  for 
without  the  aid  of  this  power;  and 
in  the  prefent  cafe,  if  what  I  have 
faid  be  admitted,  there  is  no  necef- 
fity  of  having  recourfe  to  its  ope- 
ration. I  would  add,  that  the 
flrong  attraction  of  the  negative 
to  the   accumulation  on  the  pofi- 
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tive  furface,  is  admitted  by  Dr. 
Franklin.  Indeed  it  is  impoffible, 
on  any  other  principle,  to  account 
for  the  adhefion  of  the  fupera- 
bundant  particles  to  the  glafs;  for 
if  the  furface  neareft  thefe  par- 
ticles has  loft  none  of  its  natural 
fhare,  then,  from  what  I  have  faid, 
it  can  have  no  influence  on  the  par- 
ticles alluded  to.  The  attraction 
of  the  negative  furface  is,  there- 
fore, alone  active  in  this  cafe  ;  and 
when  fo  much  is  granted,  where  is 
the  neceflity  of  a  repelling  power 
to  account  for  the  effect,  in  quef- 
tion  ?  for  if  the  whole  glafs  can 
contain  a  certain  quantity  only, 
when  an  addition  is  made  to  one 
furface,  that  which  adhered  to  the 
other  muft  readily  go  off  to  fupply 
1  2 
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a   deficiency  that   is    formed  elfe- 
where. 


III.  The  principles  which  I  have 
endeavoured  to  explain  and  to  ef- 
tablifh,  furnifh  us  with  an  obvious 
reafon  for  the  power  of  the  dif- 
charging  rod.  Conductors,  you 
fhould  remember,  make  little  or 
no  refi fiance  to  the  paffage  of  the 
electric  fluid.  The  attraction  of 
the  outfide  of  the  glafs,  to  the 
fluid  collected  on  the  infide,  dimi- 
nifhes  in  proportion  as  the  thicknefs 
of  the  glafs  increafes,  or  the  dif- 
tance  between  the  accumulation  and 
the  part  which  attracts  it.  When, 
therefore,  you  connect,  the  outfide 
and  the  infide  of  a  phial  by  a  me- 
tallic rod,  you  do  nothing  more 
than  annihilate  all  diftance  between 
the    body  which  attracts  and    that 


ELECTRICITY.  H7 

which  is  attracted.     I  will  explain 
myfelf  by  a  figure. 

FIG.    XIV. 

A,  reprefents  a  particle  of  the 
electric  fluid,  which  is  kept  in  its 
fituation  by  the  attraction  of  the 
glafs  at  B.  It  is  prevented  from 
palling  to  B  by  the  refiftance  of 
the  intermediate  glafs.  But  the 
body  of  metal,  CAB,  is  a  conduc- 
tor, and  makes  no  refiftance  to 
the  paffage  of  the  fluid  :  confe- 
quently  the  furface,  B,  when  the 
metallic  connexion  is  formed,  muft 
operate  with  full  efficacy  on  the 
particles  at  A  ;  as  in  the  direction 
of  CB,  all  refiftance  is  equal  to 
nothing :  in  other  words,  the  effect, 
is  the  fame  as  if  the  thicknefs  of 
the  glafs  were  at  once  annihilated. 

1  3 
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IV.  Let  us  now  fee  how,  from 
the  principles  already  admitted,  the 
action  of  the  metallic  coating  may 
be  explained.  It  has  been  already 
obferved,  that  without  the  coating 
no  inftantaneous  difcharge  can  be 
made.  If,  however,  you  can  ima- 
gine a  metallic  difcharging  rod  at 
the  fame  inftant  to  touch  every 
particle  on  both  fides  of  the  glafs, 
you  muft  conclude,  from  the  me- 
thod of  reafoning  ufed  in  the  laft 
article,  that  every  particle  of  the 
accumulated  fluid  would  be  dif- 
charged  at  once.  The  metallic 
coating  operates  like  fuch  a  dif- 
charging rod ;  for  when  both  coat- 
ings are  connected  by  a  good  con- 
ductor, the  fame  opportunity  is 
given  for  every  particle  to  be  in- 
fluenced by  a  more  powerfurope- 
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radon  of  the  negative  furface,  than 
can  be  exerted  through  the  me- 
dium of  the  glafs. 

V.  We  have  hitherto  applied 
our  principles  only  to  glafs  and 
other  folid  electrics.  Air  is  ca- 
pable of  mewing  appearances  in 
molt  refpect.s  fimilar  to  what  we 
have  been  explaining  .  there  are, 
however,  feveral  obvious  varieties; 
but  the  leading  circumftances,  to 
which  I  would  call  your  attention, 
are  the  following  : — That  a  certain 
body  of  air  is  capable  of  being  di- 
vided into  two  portions  with  re- 
gard to  electricity,*;  the  one  of 
which  has^a  fuperabundance,  and 
the  othe?^a  correfponding  defici- 
ency 1  that  the  quantity,  however, 
contained  by  the  whole,  is  always; 
1  4 
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the  fame ;  that  the  equilibrium  be- 
tween the  two  portions  may  be 
reftored,  when  a  metallic  commu- 
nication is  formed  between  each 
particle  in  the  pofitive,  and  each 
particle  in  the  negative  portion; 
that  the  air  is  alike  impermeable 
to  the  fluid  with  glafs  and  other 
electrics,  and  that  there  is  an  in- 
termediate part  between  the  po- 
fitive  and  the  negative,  which  re- 
tains only  its  natural  mare. 

The  foregoing  particulars  are  all 
founded  in  fuch  facls  as  are  no- 
thing more  than  a  repetition  of 
the  experiments  which  I  have  de- 
fcribed  as  belonging  to  the  Leyden 
phial;  with  this  difference  only, 
that,  in  the  one  cafe,  we  ufe  glafs; 
in  the    other,   two  plates    of    air; 
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which,  by  the  ufe  of  a  certain  ap- 
paratus, are  as  eafily  charged  as 
the  oppofite  furfaces  of  a  Leyden 
phial.  Indeed,  the  phcenomena 
of  the  common  conductor  are  the 
confequences  of  fuch  a  procefs  : 
this  will  appear,  if  we  attend  to 
that  explanation  of  them  which  I 
(hall  now  give. 

Conceive  of  any  conductor,  as 
furrounded  by  an  atmofphere,  con- 
taining a  fuperabundance  of  the 
electric  fluid :  to  this  atmofphere 
there  muft  be  fomewhere  a  corre- 
fponding  atmofphere  in  a  negative 
ftate.  The  fmalleit  of  fuch  atmo- 
fpheres  muft,  in  moft  of  its  parts, 
be  of  fo  much  extent  as  to  touch 
the  ground.  A  difcharge,  there- 
fore,   of  the    air  furrounding  the 
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conductor  cannot  take  place,  till 
a  connexion  is  formed  between  it 
and  the  ground,  which,  in  this  cafe, 
operates  exactly  like  the  coating 
of  a  Leyden  phial.  The  chief 
difference  between  air  and  folid 
electrics  is,  that  no  part  of  the  ac- 
cumulation penetrates  the  latter ; 
but  the  whole  fuperabundance  of 
the  electric  fluid  in  air  is  mixed 
with  the  particles  of  air,  and  caufes 
a  feparation  of  them.  On  this 
circumftance  depend  feveral  of  the 
Angularities  which  belong  to  what 
is  commonly  called  the  eleclric 
fpark.  However,  before  thefe  can 
be  accounted  for  with  any  plaufi- 
bility,  it  is  necelTary  that  I  mould 
previoufly  call  your  attention, 

VI.    To   the    explanation  of  a 
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facl  which  frequently  takes  place 
in  the  Leyden  phial,  and  which 
takes  place  likewife  between  the 
pofitive  and  negative  portions  of 
air,  whenever  a  fpark  flrikes  from 
the  conductor  to  a  metallic  ball, 
placed  at  fome  diftance  from  it, 
and  connected  by  a  good  commu- 
nication with  the  ground, — I  mean 
now  to  give  you,  if  I  can,  fome 
idea  of  the  caufe  which  operates 
when  the  interval,  dividing  the  po- 
fitive from  the  negative  furface, 
is  perforated.  It  has  been  already 
fhewn  to  you,  that  the  accumu- 
lation is  feparated  from  the  defi- 
ciency by  a  portion  of  glafs,  which 
retains  its  natural  fhare  with  fuch 
a  degree  of  attraction,  as  not  to 
be  overcome  by  the  power  which 
acts  at  the  negative  furface.    From 
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this  proportion,  it  is  a  neceffary 
corrolary,  that  when  the  power  at 
the  negative  furface  is  fo  much 
increafed,  as  to  overcome  the  ad- 
hefion  of  its  natural  fhare  of  the 
electric  fluid  to  the  intervening 
glafs,  then  the  glafs  will  fhew  the 
ufual  effects  attending  the  lofs  of 
what  enters  into  any  body  as  a 
conftituent  ingredient. 

Fig.  XV.  If,  by  the  accumu- 
lation at  AB,  fo  much  is  driven 
off  from  CD,  as  to  enable  it,  by 
any  means,  to  take  a  portion  of 
its  natural  fhare  from  EG;  we  are 
then,  I  think,  to  expect  the  con- 
fequences  I  have  already  men- 
tioned. Now  the  principal  quef- 
tion  in  the  prefent  cafe  is  the  fol- 
lowing : — When  is  the  attraction  at 
CD  likely  to  overcome  the  adhe- 
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fion  of  its  particles  to  EG  ?  I 
anfwer,  that  the  effect,  muft  be 
early  or  late,  in  proportion  to  the 
power  by  which  the  particles  ad- 
here to  EG.  The  attractive  force 
at  CD  evidently  increafes  as  the 
accumulation  increafes  at  AB.  I 
fhould  therefore  conclude,  that  dif- 
ferent electrics  will  require  greater 
>r  lefs  accumulations  before  they 
are  perforated. 

This  conclufion  is  agreeable  to 
experience,  as  well  as  to  theory. 
But  it  may  be  afked,  Is  not  the 
whole  power  of  CD  exercifed 
upon  the  accumulation  at  AB  ? 
How,  therefore,  can  it  operate  on 
the  particles  of  the  interval  EG  ? 
I  anfwer,  that  the  particles  at  EG 
are  neareft  to  CD,  and  confe- 
quently  would  be  the  firft  to  unite 
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with  CD,  if  it  were  not  for  a  dif- 
ferent power  which  operates,  and 
which  is  no  fooner  conquered  by 
the  increafe  of  CD's  attractive 
force,  than  the  particles  are  im- 
mediately removed,  and  followed 
by  the  particles  accumulated  at 
AB. 

Fig.  XVI.  Suppofe  b  to  be  a 
particle  of  matter  within  the  fphere 
of  a's  attraction,  let  c,  d,  be  two 
other  (imilar  particles  of  matter, 
nearer  to  a,  and  confequently  more 
ftrongly  attracted,  but  fattened  by 
a  cement  or  any  adhefive  fubftance, 
which  has  only  a  certain  degree  of 
power;  b,  if  moveable,  will  be 
drawn  towards  a,  nor  would  the 
other  two  particles  c,  d,  be  removed 
till  a's  attractive  power  was  greater 
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than  the  adhefive  power  of  the  ce- 
ment. As  foon  as  this  happened, 
then  c,  d,  would  immediately  quit 
their  fituations,  and  b  would  come 
into  contact  with  a. 

If  you  will  admit  the  fteps  of 
the  preceding  rationale,  you  muft 
conclude,  that  to  accelerate  a  per- 
foration through  glafs,  or  any  other 
ele&ric,  nothing  is  neceflary  but 
to  confine  the  accumulation  as 
much  as  poffible  to  one  point;  for 
the  larger  the  furface  which  any 
accumulation  is  fpread  over,  the 
more  muft  be  expelled  from  the 
oppofite  furface,  and  confequently 
the  longer  will  you  be,  before  you 
reduce  it  to  that  ftate  of  negation, 
in  which  the  attraction  of  the  in- 
ternal parts  of  the  glafs  will  yield 
their  natural  Ihare. 
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I  will  explain  my  meaning  thus  : 
Suppofe  a  furface  of  twenty  feet 
received  an  accumulation,  which 
I  eftimate  at  5000;  if  7000  were 
all  it  could  bear,  or  were  all  which 
the  outfide  could  part  with,  it  is 
evident  that  this  accumulation,  re- 
duced to  ten  feet  furface,  would 
burft  through  the  glafs ;  for  in  that 
cafe  the  oppofite  furface  would 
lofe  10,000,  which  is  3000  more 
than  it  could  part  with. 

FIG.    XVII. 

Experiment.  Charge  the  phial, 
ABCD,  as  high  as  it  can  bear; 
bring  EFGH,  which  is  ten  times 
lefs  than  it,  within  its  circuit.  If 
a  metallic  communication  be  in- 
ftantaneouily   formed   between   A 
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and  £,  and  G  and  D  ;  provided 
the  neck  of  the  fmall  phial  be  fo 
long  as  to  prevent  the  charge  from 
pairing  over  the  uncoated  part  of 
the  glafs,  an  explofion  will  take 
place,  and  the  fmall  phial  will 
burft.  In  this  experiment,  it  is 
obvious,  that  by  the  inftantaneous 
accumulation  made  on  the  outfide 
of  the  fmall  phial,  its  inflde  is 
fuddenly  brought  into  that  date 
which  I  have  already  defcribed  as 
neceflary  for  the  perforation  of  the 
glafs. 

FIG.    XVIII. 

Exp.  I  would  now  produce  a  very 
ftriking  fact,  fimilar  to  the  pre- 
ceding,  in  which  the  glafs  is  not 
coated,  and  in  which  a  very  fmall 
accumulation,  becaufe  it  is  confined 

vol.  1.  K 
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to  a  fingle  point,  forces  fo  much  off 
the  oppofite  point,  as  inftantly  to 
perforate  the  glafs.  ABCD  repre- 
fents  a  phial  filled  with  oil ;  e  is 
the  point  of  a  wire  touching  the 
infide  of  the  phial ;  f  is  the  point 
of  a  wire  placed  exactly  oppofite 
to  e,  and  communicating  with  the 
ground.  A  fpark,  paffing  from 
the  conduclos  G  to  the  b&U  A,  will 
immediately  ftrike  through  glafs. 
A  conductor,  in  length  one  foot, 
and  in  diameter  three  inches, 
charged  by  a  cylinder  not  exceed- 
ing four  inches  in  diameter,  will 
produce  this  effect  in  glafs  whofe 
thicknefs  equals  one-eighth  of  an 
inch.  The  defign  of  filling  the 
tube  with  oil,  is  to  prevent  the  ac- 
cumulation from  fpreading,  which 
would  be  the  cafe  if  the  oil,  as  a 
non-condu£tor,    did    not    prevent 
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the  effects  of  that  coating  of  moif- 
ture,  which  would  otherwife  ad- 
here to  the  fides  of  the  glafs.  The 
oil  is  unneceffary,  if  you  ufe  talc 
or  any  other  very  dry  electric.  By 
fubftituting  at  e,  inftead  of  the 
point,  an  inch  fquare  furface  of 
tin  foil,  and  an  equal  furface  on 
the  oppofite  Jide,  you  will  find  it 
neceffary  to  increafe  the  number 
or  the  ftze  of  the  fparks  before  you 
acquire  the  accumulation  neceffary 
for  breaking  the  glafs.  As  the  glafs 
becomes  thicker,  the  accumulation 
muft,  for  many  reafons  already 
enumerated,  be  increafed.  A  fmall 
Leyden  phial  may  be  made,  by 
this  means,  to  ftrike  from  one 
point  to  another  through  glafs 
three-eighths  of  an  inch  in  thick- 
nefs. 

K   2 
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A  fa£t,  which  at  firft  fight  ap- 
peared both  to  my  friend  Mr. 
Brook  and  to  myfelf  very  puzzling, 
is,  I  think,  eafily  accounted  for^ 
in  a  manner  fimilar  to  the  pre^ 
ceding.  He  coated  the  infide  of 
a  phial  with  cement,  and  the  out- 
fide  with  tin  foil.  A  wire,  which 
touched  the  cement,  was  applied 
to  a  charged  conductor,  and  the 
phial  at  the  point  of.  the  wire  was 
inftantaneoufly  broken.  In  this 
cafe  the  accumulation  is  confined 
to  one  point,  and  therefore  pro- 
duces the  defcribed  effect.  I 
found  that  if  the  phial  were  coated 
on  the  infide  with  cement,  and 
then  covered  with  tin  foil,  that  the 
ufual  charge  and  discharge  would 
take  place  without  any  attendant 
fracture. 
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I  proceed,  however,  to  another 
conclufion,  which  the  principles 
and  fads,  already  enlarged  upon, 
render  (in  my  opinion)  very  pro- 
bable. It  is  evident,  I  think, 
that  when  the  glafs  or  electric  is 
thickened  beyond  a  certain  limit, 
the  particles  on  one  fide  may  be 
removed  to  fuch  a  diftance  as  to 
have  no  attractive  influence  on 
whatever  accumulation  may  be 
made  on  the  oppofite  fide.  This 
is  the  caufe  of  our  inability  to 
charge  a  very  thick  phial,  and  this 
is  tire  caufe  why  glafs  of  a  certain 
thicknefs  cannot  be  perforated  by 
any  force,  if  applied  as  in  the  pre- 
ceding experiments. 


*  3 
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FIG.  XIX. 


Expt.  Let  ABCD  reprefent  a 
furface  of  plate  glafs,  about  four 
inches  fquare ;  bring  the  point  of 
a  wire,  connected  with  the  irifide 
of  a  charged  jar,  to  touch  the 
glafs  at  the  point  E.  Let  a  point 
on  the  under  furface  of  the  glafs, 
directly  oppofite  to  E,  be  touched 
by  another  wire  connected  Willi 
the  outfide  of  a  charged  jar.  To 
prevent  any  moiflure  from  con- 
veying the  electric  fluid  over  tl|e 
furface  of  the  glafs,  I  have  always 
buried  it  in  oil,  or  fome  refinous 
fluid ;  and  in  making  experiments 
upon  it,  thus  circumftanced,  I  have 
obferved, 
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i  ft,  That  I  could  never  make 
the  higheft  charge  ftrike  through 
a  thicknefs  of  glafs  exceeding  four- 
tenths  of  an  inch. 

2d,  That  when  I  ufed  points,  it 
made  no  difference  whether  I  ap- 
plied the  force  of  one  or  ten  quart 
jars;  tbe  effect  was  always  the 
fame. 

3dly,  When  furfaces,  of  diffe- 
rent dimenfions,  of  tin  foil,  were 
placed  in  the  fituation  of  the  point, 
then,  as  the  furface  of  the  tin  foil 
increafed,  fo  wras  the  number  of 
jars  increafed,  which  were  necef- 
fary  to  perforate  the  glafs. 

The  greateft  Angularity  obferv- 
•able  in    the    preceding  facfs  is,   I 

K4 
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think,  eafily  elucidated.  You  fee 
that  ten  phials  would  not  ftrike 
through  a  greater  thicknefs  of  glafs 
than  one.  The  perforation  (as  we 
have  already  fhewn)  depends  upon 
our  forcing,  from  a  particular  por- 
tion of  one  furface,  a  certain  quan- 
tity of  electricity.  But  this  can- 
not be  done  if  the  glafs  be  fo  thick 
as  not  to  allow  the  negative  to  ap- 
proach fo  near  the  pofitive  as  to 
exercife  its  attractive  force. 

The  facls  in  which  a  battery  ap- 
pears to  produce  a  greater  effect 
on  electrics,  than  a  fmgle  phial, 
are  thofe  in  which  the  firft  prin- 
ciples, already  applied,  very  fre- 
quently would  lead  us  to  expect. 
fuch  effects.  I  will  enumerate  a 
few  of  them. 
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Fig.  XIX.  If  the  accumulation 
at  E  be  confined  to  a  point,  it  is 
evident  that  the  oppofite  point  can 
afford  but  a  very  little  lofs  before 
a  perforation  takes  place.  If  the 
furface  at  E  be  increafed,  to  bring 
the  oppofite  fide  into  that  ftate  in 
which  the  perforation  takes  place, 
a  greater  accumulation  of  the  elec- 
tric fluid  is  neceffary  :  nay,  the 
furface  may  be  increafed,  fo  that 
the  contents  of  a  large  battery 
would  be  neceffary.  Thus  now, 
if  the  furface  at  E  be  one-eighth 
of  an  inch,  and  if  twenty  particles 
are  to  be  forced  off  the  outfide 
previous  to  the  perforation,  it 
would  make  no  difference  whether 
you  accumulated  forty  or  twenty 
on  the  oppofite  fide;  for  in  both 
cafes  the  caufe  would  be  adequate 
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to  the  production  of  the  effeclL 
If  the  furface  be  increafed  to  one- 
fourth  of  an  inch,  then  to  produce 
the  perforation,  an  accumulation 
of  forty  particles  would  be  necef- 
fary.  If  the  furface  be  half  an 
inch,  then  eighty  particles  would 
be  neceffary,  and  confequently 
four  times  the  charge  would  pro- 
duce the  perforation  of  one-eighth. 
Thefe  fpeculations  are  very  much 
confirmed  by  the  fa6ls  which  I 
have  (hewn  to  you,  and  from 
which,  indeed,  I  originally  de- 
duced  them.  f 

But  again,  the  principles  I  have 
enlarged  upon,  have  fufficiently 
explained  to  you  the  reafon  why 
the  charge  of  a  jar  paffes  more 
eafily  from  a  point  than  a  furface. 
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With  very  little  exertion  of  mind 
we  may  apply  the  fame  reafonings 
to  the  quick  difcharge  made  by  a 
point  of  an  electrified  body  of  air, 
and  to  the  infuiating  power  of  a  fur- 
face  or  ball  of  a  certain  magnitude. 
I  muft  recur  to  a  figure  (Fig.  XV.) 
which  I  have  ufed  before. 

Suppofe  AB  and  CD  to  repre- 
fent.  the  negative  and  pofitive  por- 
tions of  air  which  is  charged ;  it 
is  evident,  from  what  I  have  al- 
ready faid,  that  every  part  of  the 
furface,  CD,  muft  be  deprived  of 
a  certain  portion  of  the  fluid,  be- 
fore the  accumulation  at  AB  can 
force  its  way  through  the  interval 
EG.  It  muft,  moreover,  appear, 
in  cafe  the  furfaces  were  perfectly 
flat   and   oppofite  to   each  other. 
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that  before  the  perforation  can 
take  place,  a  lofs  mult  he  made  at 
CD,  which  would  be  great  in  pro- 
portion to  the  area  of  its  furface ; 
and  unlefs  an  inequality  in  the  re- 
finance made  by  the  interval,  EG, 
mould  produce  a  difcharge,  the 
accumulation  mud  be  continued 
at  AB,  till  every  part  of  EG  gave 
way  at  the  fame  inftant ;  for  while 
the  furfaces  are  alike,  the  influence 
of  the  attractive  power  at  each 
particle,  g,  in  the  plate  of  air, 
upon  each  particle,  h,  muft  be 
equal,  and  previoufly  to  the  dif- 
charge, the  refifta.nces  made  at  all 
the  feveral  intervals,  from  g  to  h, 
are  to  be  overcome. 

Now  let  one  of   the  lines,  gh, 
be  fhortened,  while  all  the  reft  con- 
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tinue  the  fame ;  or  let  a  metallic 
point  be  carried  out  to  e,  and  then 
the  whole  attraction  at  CD  muft 
operate  in  the  direction  eh,  and 
muft  produce  that  ftate  in  which 
the  fluid  paffes  through  a  non-elec- 
tric to  fupply  the  negative  furface, 
while  any  accumulation  continues 
at  AB.  Now  if  this  account  of 
the  fact  be  admitted*  as  true,  you 
will,  I  apprehend,  immediately  per- 
ceive why  a  point  extending  no 
further  than  the  fur  face  of  the 
conductor,  though  it  be  in  the 
middle  of  a  cavity,  has  no  effect.; 
for  in  that  cafe,  what  is  reprefented 
by  gh,  is  not  fhortened.  I  have 
no  doubt  that  one  difficulty  ftill 
preffes  upon  your  minds.  I  mean 
that  of  explaining  how  the  whole 
attractive   force    operates  inftanta- 


1^2  LECTURES    ON 

neoufly  at  ge.  I  think  a  fingle  expe- 
riment will  remove  your  difficulty. 

Fig.  XX.  Let  A,  B,  C,  &c.  re- 
prefent  fo  many  diftinct.  portions 
of  electric  furfaces  charged  pofi- 
tively;  G,  H,  I,  &c.  their  corre- 
fpondent  negative  furfaces.  As 
foon  as  you  fupply  the  deficiency 
at  G  from  A,  by  a  metallic  rod,  G 
will  take  a  new  charge  immedi- 
ately ;  for  the  negation  at  H  is  in- 
ftantaneoufly  divided  between  it 
and  G,  and  the  accumulation  at  B 
is  inftantaneoufly  divided  between 
it  and  A,  and  the  fame  divifion 
between  C  and  B,  and  I  and  H. 
Now  by  diminifhing  the  dimenfions 
of  each  little  fuperficies,  and  mul- 
tiplying their  number,  you  come 
at  once  to  the  difficulty  in  queftion. 
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The  operation  of  the  metallic  rod 
is  fimilar  to  that  of  diminifhing 
the  diftance  gh,  in  Figure  XV. 
and  if  the  portions,  A,  B,  &c. 
reprefent  fingle  particles,  the 
modes  of  operation  which  I  have 
pointed  out,  muft  take  place  a 
fortiori. 

But  again,  it  muft  appear  to  you 
in  this  cafe,  as  in  others  which  I 
have  made  ufe  of  to  explain  the  re- 
fi fiance  of  glafs,  that  in  placing  a 
fmall  furface,  inftead  of  the  point  e, 
(fee  Fig.  XV.) you  increafe  the  in- 
tervening refiflance  of  e,  h ;  and 
hence  is  clear  the  reafon  why  balls 
of  different  dimenfions  infulate 
more  or  lefs,  becaufe  their  furface 
will  increafe  in  a  certain  proportion 
to   their   dimenfions.      The    prin- 
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ciples  upon  which  I  have  amplified 
might  be  applied  to  a  multitude  of 
known  fa£ts,  which  will  occur  to 
you,  if  you  be  ambitious  after 
any  degree  of  experience  in  this 
fcience. 

I  will,  however,  call  your  atten- 
tion to  one  fact  more,  and  that  is 
the  fuperiority  of  length  in  the 
fpark  yielded  by  ihort  conductors 
of  a  large  diameter,  to  that  of  a 
fpark  yielded  by  conductors  of  a 
great  length  and  fmall  diameter. 
We  fee,  in  the  cafe  of  the  Leyden 
phial,  that  in  proportion  to  the  ac- 
cumulation on  any  given  furface, 
fo  will  the  thicknefs  of  the  glafs  be 
through  which  the  perforation  is 
made. 
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The   fame    effe&s   follow,  when 
the  accumulation  is  made  in  a  body 
of  air  furrounding  a  common  con- 
ducts) r,  and  consequently  the  fame 
difference  takes  place  in  the  interval 
of  air  through  which   the   charge 
paffes ;    that  is  to  fay,    the  larger 
the  body  of  air,  through  which  any 
given  quantity  of  the  electric  fluid 
is  dirperfed,  the  larger  will  the  fur- 
face  be  of  the  correfpondent  ne- 
gative.     Vice  verfa,  As  you  dimi- 
nifh  the  body  of  air,  you  heighten 
the  charge,  and  increafe  or  mag- 
nify its   effects.      But  it  is  clear, 
that  when  you  lengthen  your  con- 
ductor, you  increafe  that  quantity 
of   air  which    you    charge,    much 
more  than  when  you  increafe'  the 
diameter  of  it.     To  be. convinced 
of  what  I  have  now  advanced,  we 
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need  only  call  our  eyes  on  the 
figures  repre  fen  ting  Volta's  rods 
and  Brooks's  gridiron :  in  both 
thefe  inftances,  the  apparatus  is 
fo  formed  as  to  conduct,  the  fluid 
over  an  extent  of  atmofphere,  to 
which,  when  compared  with  it, 
the  atmofphere  furrounding  a  con- 
ductor three  feet  in  diameter,  and 
eight  feet  long,  is  trifling. 

It  is  time  I  fhould  once  -more 
quit  the  region  of  fpecuiation  and 
theory,  and  return  to  the  enume- 
ration of  plain  fafts. 

OX  THE  ELECTROPHORUS. 

The  facls  I  have  hitherto  de- 
fcribed,  and  enlarged  upon,  were 
the  confequences  of  two  very 
fimple  additions  to  our  apparatus. 
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You  have  as  yet  known  nothing  of 
electricity,  befides  the  numerous 
effects  of  placing,  either  a  com- 
mon conductor,  or  a  Leyden  phial, 
near  your  cylinder,  foon  after,  or 
during  the  friction  of  it.  The  af- 
tonifhment  of  electricians  has  been 
very  much  awakened  lately  by 
that  difcovery  of  Signior  Volta's, 
whofe  appearances  I  fhall  now 
difplay,  and  hereafter  endeavour 
to  explain. 

FIG.    XXL 

A   is  a   round  plate    of   brafs, 
copper,     or   wood,    covered  with 
tin  foil,  and    carefully  freed  from 
all   edges    and    points.       To    this  \ 
plate  Signior  Volta  has  given  the 

name  of  fcudo. B  is  another 

round  plate  of  wood  or  brafs,  or, 

L   2 
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indeed,  any  other  fubftanee  co- 
vered with  a  varnifh.  Some  prefer 
a  cake  of  fulphur;  others,  a  coat- 
ing of  fealing-wax,  dhTolved  in  fpi- 
rits  of  wine ;  and  others,  a  coating 
of  rofin,  difTolved  in  oil  of  tur- 
pentine. To  the  upper  plate  is 
annexed  a  ftem  of  glafs,  or  of  fome 
other  non-conducting  body.  The 
appearances  which  depend  on  the 
ufe  of  this  apparatus  are  the  fol- 
lowing : 

If  the  furface  of  the  lower  plate 
be  well  dried,  and  then  rubbed  till 
it  fhews  figns  of  electricity;  and  if 
in  this  excited  ftate,  the  fcudo  be 
placed  upon  it,  connected  at  the 
time  by  any  conducting  fubftanee 
with  the  ground,  let  the  connexion 
with  the  ground  be  fuddenly  broken, 
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and  the  fcudo  raifed  by  the  aid  of 
the  glafs  handle  or  ftem,  and  fe- 
veral  curious  effe&s  may  be  ob- 
ferved. 

i  ft ., '  A  fpark  will  ftrike  to  any 
conducing  body,  which  is  brought 
near  the  fcudo.      :. 

2d,  The.  fcudo  will  always  be 
found  in  a  ft  ate  oppofite  to  that  of 
the  excited  plate,  (i.  e.)  pofitive 
when  the  plate  is  negative,  and 
negative  when  the  plate  is  pofitive. 

3d,  If  the  fcudo,  after  emitting 
a  fpark,  be  placed"  on  the  plate 
again,  and  again  connected  with 
the  ground,  and  raifed  by  the 
handle,  the  fame  appearances  will 
be  difcovered  without  the  aid  of 
L  S 
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any  frefh  excitation;  nay,  the  re- 
petition of  this  procefs  may  be 
made  for  hours  together,  without 
any  fenfible  difference  of  effe&s, 
provided  the  apparatus  be  kept 
perfectly  free  from  all  accidental 
moifture,  feathers,  hairs,  duft,  and 
other  light  fubftances  which  float 
in  the  air  of  almofl  every  room. 

4th,  If  the  fcudo  touch  the  elec- 
tric in  a  few  points  only,  a  confi- 
derable  fpark  may,  notwithstand- 
ing, be  drawn  from  it,  by  pro- 
ceeding as  I  have  already  defcribed. 

5th,  The  force  of  the  eleftro- 
phorus,  when  much  weakened,  is 
faid  tp  be  very  much  increafed  by 
placing  a  charged  phial  on  the  lower 
plate,  and  by  gradually  discharging 
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at  one  furface,  while  the  other  is 
in  contact  with  the  excited  furface 
of  the  eleclric.  The  fame  efFecT  is 
fclid  to  be  produced  by  conveying 
the  ftrong  charge  of  one  fcudo  into 
that  of  the  elecirophorus,  which  is 
weakened. 


Hitherto  we  have  had  no  other  ra- 
tional attempt  to  explain  the  pheno- 
mena of  this  curious  inftrument,  than 
that  made  by  my  excellent  friend 
Mr.  Bewly,  in  the  Monthly  Re- 
view ;  who  fays,  "  that  the  excited 
plate  acts  upon  the  electric  matter 
naturally  contained  in  the  upper 
brafs  plate,  and  repels  from  it  a 
part  of  its  natural  quantity,  in  the 
form  of  a  fpark,  at  that  part  where 
the  finger  is  applied  to  it.     If  (fays 
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he)  the  brafs  plate,  in  this  (late,  is 
lifted  up  by  its  handle,  it  will  re 
ceive  a  fpark  from  the  finger." 
The  repetition  of  this  effect  he  af- 
eribes  to  the  retention  of  its  virtue 
by  the  electric,  which  does  not  lofe 
any  of  its  own  electricity.  This 
mode  of  explaining  accounts  only 
for  the  electricity  where  the  exci- 
tation produces  pofitive  electri- 
city: the  explanation  muft  be  re- 
verfed  in  the  cafe  of  negative  elec- 
tricity; but  it  is  expofed  to  objec- 
tions, which  ftrike  me  as  infur- 
mountable  :  lit,  It  calls  in  the  aid 
of  a  repellent  power,  where  I  think 
it  is  not  at  all  neceffary,  and  pre- 
vious to  any  decifive  proof  of  the 
operation  of  fuch  a  power  in  this 
fcience.  2dly,  I  object,  to  the  re- 
pulfion  or  attraction  of  electric 
matter    from    the    scudo.       This 
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language  is  inaccurate.  The  fcudo 
operates  only  as  a  conductor,  and 
the  whole  effecl  is  the  confequence 
of  a  furplus  or  deficiency  in  the 
air  furrounding  the  fcudo. 

By  attending  clofely  to  the  An- 
gularities of  the  elecixophorus,  you 
will  be  led,  I  think,  to  agree  with 
me  in  confidering  it  as  differing 
from  the  common  cylinder  in  one 
circumftance  only,  and  as  owing 
its  effecls  to  the  very  fame  caufes, 
by  the  aid  of  which  we  have  al- 
ready accounted  for  the  operation 
of  every  other  electrical  machine. 
The  fimilarity  of  the  inftruments 
will  appear  by  attending  to  the  fol- 
lowing particulars : 

.    lft,  An  infulated    cufhion,    co- 
vered with  tin  foil,  and  applied  to 
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the  cylinder,  will  fhew  all  the  ap 
pearances  of  the  ele&rophorus.— 
The  experiment  I  allude  to,  I 
would  defcribe  thus;  Fig.  XXII. 
AB  is  a  piece  of  wood  made  hollow, 
and  perfectly  free  from  all  edges 
and  points :  it  is  covered  with  tin 
foil,  and  infulated  by  the  glafs 
Item  CD;  a  cufhion  is  placed  in 
it,  and  employed  agreeably  to  the 
common  mode  in  exciting  the  cy- 
linder EF.  No  electrical  figns, 
however,  will  be  difcovered,  while 
the  infulation  CD  is  complete,  be 
the  cylinder  turned  round  ever  fo 
frequently :  but  if  you  ftop  the 
motion,  and  place  your  finger  upon 
AB,  and  then  remove  AB  from 
its  contact  with  the  glafs,  on  the 
application  of  your  knuckle,  AB 
will  yield  a  fpark,    if  brought  in 
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contact  with  the  glafs  a  fecond,  a 
third,  and  a  fourth  time,  without 
turning  the  cylinder,  or  repeating 
the  fri&ion. 

By  a  procefs,  fimilar  to  what  I 
have  already  defcribed,  repeated 
fparks  may  be  obtained,  with  all 
the  circumftances  attending  them, 
which  we  have  defcribed  as  the 
effe&s  of  the  ele&rophorus.  Now 
by  placing  a  glafs  plate  in  the  room 
of  EF,  and  by  fuppofing  AB  to 
cover  the  whole  plate,  you  form  an 
eleclrophorus  without  producing 
one  fingle  circum (lance  of  diver- 
fity  from  the  common  cylinder. 
But  again,  if  after  you  have  ex- 
cited the  eleclrophorus,  you  take 
away  the  fcudo,  and  apply  a 
number  of  metallic  points  connected 
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with  the  ground,  to  the  excited 
furface,  and  then  apply  the  fcudo, 
no  more  fparks  can  be  obtained 
without  a  frefh  excitation.  This 
is  exaclly  fimilar  to  what  takes  place 
in  working  with  the  cylinder;  for5 
as  foon  as  the  excited  part  has 
paffed  the  cufhion,  a  multitude  of 
points  are  applied  to  it,  which  re- 
duce the  excited  part  into  its  na- 
tural ftate,  and  render  it  incapable 
of  (hewing  eleclrical  figns  till  it 
comes  again  into  contacl  with  the 
cufhion.  Once  more,  if  the  fur- 
face  of  the  ele£lrophorus  be  ex- 
cited, and  metallic  points  be  ap- 
plied to  it,  connected  with  an  infu- 
lated  conductor,  the  conductor  will 
be  difcharged  juft  as  it  is  when  ap- 
plied to  an  excited  cylinder 
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I  need  not,  furely,  amplify  any 
longer  on  the  fimilarity  of  an  elec- 
trophorus  to  a  common  machine, 
or  on  the  poffibility  of  making  the 
latter  fhew  all  the  phcenomena  of 
the  former.  I  fhall  now  beg  your 
attention  to  thofe  effects,  which 
made  this  inftrument,  when  it  was 
firft  difcovered,  appear  fo  won- 
derful, and  fo  different  from  all 
others. 

Why,  without  any  frefh  excita- 
tion, does  the  application  of  the 
fcudo,  and  the  finger  in  the  elec- 
trophorus,  and  the  infulated  cufhion 
in  the  cafe  of  the  cylinder,  yield 
repeated  f parks  ?  You  may  re- 
member, that  I  have  already  af- 
cribed  the  feparation  of  the  fluid 
from  electrics,  to  that   change  of 
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attractive  power  which  neceffarily 
takes  place  when  bodies,  different 
in  their  nature,  are  brought  into 
clofe  contact.  In  the  prefent  cafe 
you  may  fee  the  operation  of  this 
caufe,  by  attending  progreffively 
to  the  various  fteps  obferved  in 
exciting  the  ele&rophorus. 

The  hair  fkin,  the  filk,  or  any 
other  body,  which  you  employ  as 
a  conductor,  is  brought  into  per- 
fect contacl  with  the  furface  of  the 
elecfrophorus.  In  this  ftate  the 
bodies  attract  more  or  lefs,  united, 
than  they  do  feparately;  confe- 
quently,  a  portion  o£  the  fluid  is 
taken  from,  or  conveyed  to  the 
earth  through  the  hand,  or  what 
ever  elfe  is  connected  with  the 
rubber.     Let  the  hair  fki-n  be  fe 
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parated  from  the  furface  of  the 
elecirophorus,  and  that  furface  will 
either  have  a  quantity  accumulated, 
which  it  is  ready  to  part  with,  or 
it  has  loft  a  portion,  which,  when 
the  rubber  is  removed,  it  will  be 
eager  to  attract  from  any  approach- 
ing body.  In  other  words,  you 
will  find  the  excited  furface  either 
in  a  pofitive  or  negative  ftate.  Let 
us  firft  confider'  it  in  a  pofitive 
ftate. 

By  placing  the  icudo  on  it,  thus 
circumftanced,  why  does  not  the 
fcudo  yield  a  fpark  on  the  ap- 
proach of  a  finger  to  it  ?  or  imme- 
diately convey  to  any  conducting 
body,  which  is  near  it  and  con- 
nected with  the  earth,  the  fupera- 
bundant  fluid  which  is  accumulated 
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on  the  furface  ?  I  anfwer,  that  as 
foon  as  you  bring  the  furface  of 
the  metal  into  contact,  with  the  ex- 
cited pofitive  furface,  the  law  of 
attraction  is  immediately  altered. 
The  two  furfaces  attract,  more  than 
either  would  fingly,  and  are  not 
only  able  to  retain  all  the  fupera- 
bundant  fluid  on  the  excited  fur- 
face, but  to  take  more,  which  is 
evident  from  experiment.  When, 
however,  you  remove  the  fcudo, 
the  union  which  caufes  a  fuperior 
attraction  is  immediately  diffolved, 
and  there  is  nothing  to  prevent 
the  accumulated  fuperabundance 
from  ftriking  out  of  it  in  the  form 
of  a  fpark. 

It   may    be   afked,  why,  if  this 
theory  be  true,  is  it  neceffary  to 
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rub  the  furface  of  the  electric,  be- 
fore its  contact  with  the  fcudo  pro- 
duces the  effe6i  in  queflion?  I 
fee  no  abfurdity  in  fuppofing  that 
the  attraction  I  have  alluded  to 
fo  frequently  may  be  helped  by  an 
accumulation  of  the  fluid  on  the 
furfaces,  juft  as  a  fmall  drop  of 
water  or  oil,  expanded  on  their 
furface,  promotes  the  adhefion  of 
two  pieces  of  glafs.  Befides,  the 
rubbing,  when  employed,  operates 
in  a  variety  of  ways  favourable 
to  the  excitation.  But  again,  in 
fupport  of  the  hypothefis  I  have 
given,  obferve,  that  this  is  not  the 
only  inftance  in  which  the  union 
of  a  furface  of  metal,  with  that  of 
an  electric,  produces  electric  ap- 
pearances. Our.  amalgams  operate 
on   this    principle,   and  I  have  al- 
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ready  enumerated  feveral  other 
fnnilar  facls ;  to  which  may  be 
added,  a  very  decifive  experiment 
made  by  Mr.  Bennet.  He  heated 
a  well  polifhed  marble  plate,  fo  as 
perfectly  to  free  it  from  all  moif- 
ture.  He  then  placed  upon  the 
furface  a  brafs  plate  ground,  which 
he  preffed  clofe  to  the  marble  with 
a  metallic  rod.  When  the  brafs 
plate  was  feparated,  it  gave  evident 
figns  of  the  additional  fluid,  which 
had  been  -collected  by  its  fimplc 
contact  with  the  metal. 

The  reverfe  of  the  cafe  which  I 
have  juft  now  explained,  muft  be 
obvious  to  you.  If  the  two  fur- 
faces,  when  joined,  will  take  lefs 
than  during  their  feparation,  by 
their  union  they  will  lofe  a  certain 
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quantity,  and  in  the  aft  of  lofing 
will  give  figns  of  pofitive  electricity. 
But  I  fhall  recur  to  the  explana- 
tion of  this  and  other  fimilar  ap- 
pearances, when  I  have  defcribed 
the  effects  of 

THE  INSULATED  ELECTROPHORUS 

FIG.   XXIII. 

AB  is  a  rounded  piece  of  wood, 
covered  with  tin  foil,  and  refting 
On  an  infulating  (land,  CD.  On 
the  furface  of  AB  is  to  be  placed 
the  excited  plate :  ab,  is  a  wire 
with  a  brafs  ball,  to  which  are  ap- 
pended the  pith  balls  g  and  h. 

lft,  After  the  hand  has  been 
laid  on  the  fcudo  in  contact,  with 
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the  plate,  not  the  leaft  Tigris  of 
electricity  are  difcoverable  on  the 
removal  of  the  fcudo. 

2d,  If  both  furfaces  of  the  ex- 
cited plate  be  connected  by  an'in- 
fulated  metallic  difcharging  rod, 
and  if  the  fcudo  be  afterwards 
raifed ;  in  this  cafe,  again,  no  figns 
of  electricity  will  be  difcovered. 

To  fucceed  in  this  experiment, 
the  refmous  plate  mould  be  com- 
pletely freed  from  all  points ;  and 
before  the  junction  of  the  fcudo, 
every  part  of  the  apparatus,  ex- 
cepting the  excited  furface,  mould 
be  carefully  purged  of  all  adhering 
electricity. 

3d,    The    fcudo    is    then    only 
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charged,  when  the  communica- 
tion between  itfelf  and  the  plate 
is  continued  to  the  ground ;  but 
the  pith  balls,  during  this  procefs, 
do  not  feparate,  till  the  fcudo  is 
raifed  :  in  confequence  of  the  ele- 
vation, they  fuddenly  diverge,  and 
when  the  fcudo,  undifchurged^  is 
put  down  again  upon  the  plate, 
they  inftantly  clofe ;  but  when  the 
fcudo  is  difchargtd)  and  then  placed 
on  the  excited  furface,  the  diver- 
gence is  continued.  > 

In  this  fituation,  by  forming  a 
connexion  between  the  upper  and 
lower  fides,  a  fmall  charge  is  com- 
municated, which  grows  lefs  and 
lefs  with  each  repetition  of  the 
procefs. 

m  3 
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4th,  A  fpark,  after  the  repara- 
tion, may  be  taken  from  the  brafs 
plate,  nearly  as  powerful  as  that 
which  ftrikes  from  the  fcudo,  but 
always  of  an  electricity  oppofite  to 
that  of  the  fcudo. 

The  preceding  are  fome  of  the 
molt  remarkable  appearances  of  the 
infulated  electrophorus,  when  the 
excitation  is  that  of  friBion.  The 
varieties  are  numerous,  which  take 
place  when  the  excitation  is  that 
of  communication. 

5th,  When  the  negative  furfaee 
of  a  charged  phial  is  placed  on 
the  excited  furfaee,  by  bringing 
the  hand  into  contact  with  the  op- 
pofite fide  of  the  phial,  a  fpark  is, 
inftantly    communicated,    and    the 
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pith   balls,  g  and  h,  feparate  nega- 
tively. 

If  the  phial  be  taken  off,  and 
the  fcudo  placed  in  its  room,  no 
change  is  obfervable  on  the  fub- 
fequent  removal  of  the  fcudo, 
provided,  that  no  communication 
has  been  formed  between  it  and 
the  ground.  When  fuch  a  com- 
munication is  formed,  a  charge  is 
communicated,  and  the  fcudo  and 
the  balls  are  in  oppofite  ftates  of 
electricity. 

If  the  pofkive  fide  of  a  Ley  den 
phial  be  placed  on  the  excited  fur- 
face,  the  pith  balls  feparate  pofi- 
tively.  You  will  obferve  that  thefe 
experiments  are  made  with  a  refi- 
nous  fubftance. 

M  4 
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6th,  The  appearances  of  the 
pith  balls  and  fcudo  are  materially 
varied,  if  the  L.eyden  phial  be  ap- 
plied to  the  eleclrophorus  while  the 
fcudo  is  in  contact  with  its  excited 
furface.  If  the  negative  fide  of 
the  phial  be  applied,  and  a  fpark 
be  taken  from  the  pofitive,  the 
pith  balls  immediately  feparate  ne- 
gatively; but,  on  taking  up  the 
fcudo,  they  immediately  clofe, 
and  as  rapidly  feparate  again  posi- 
tively. 

If,  after  the  phial  is  removed, 
the  hand  be  applied  to  the  fcudo 
before  it  is  raifed,  a  fmall  fpark 
Strikes  into  the  hand ;  but  on 
railing  the  fcudo,  the  balls  clofe 
and  feparate  inftantaneoufly,  and 
give  Signs  of  pofitive  eleclricity.  --- 
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If  the  fcudo  and  the  brafs  plate  be 
connected,  either  ,by  an  infulated 
or  uninfulated  difcharging  rod,  the 
balls  clofe  and  feparate  again,  and 
the  fcudo,  upon  being  raifed,  re- 
ceives a  vigorous  negative  fpark^. 

It  is  obvious  that  in  all  the  pre- 
ceding experiments,  the  brafs  plate 
continues  unchangeably  adherent 
to  the  lower  furface,  while  the 
fcudo  only,  or  the  conducting  fub- 
ftance  in  connexion  with  the  upper 
furface,  is  immoveable.  It  is  of 
importance  that  we  mould  know 
the  confequences  of  making  both 
the  metallic  furfaces  moveable. 

But  this  is  not  an  eafy  matter; 
it  is  very  difficult  to  get  a  refi- 
nous  fubitance  thin  enough,  and  at 
ihe  fame  time  firm  enough,  for  the 
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purpofe.  The  perfect  lamina  of 
talc,  which  I  have  been  able  to 
procure,  are  too  fmall  to  be  ufed 
with  any  fatisfa£tion ;  I  have, 
therefore  had  recourfe  to  glafs  for 
the  purpofe.  The  remit  of  my  re- 
peated trials  are  the  following : 

7th,  Having  fubftituted  a  glafs 
plate,  about  twelve  inches  in  dia- 
meter, and  one-fourth  of  an  inch 
thick,  in  the  room  of  the  refinous 
fubftance,  and  having  refted  it  on 
a  ground  metallic  plate,  five  inches 
in  diameter,  and  well  connected 
with  the  pith  balls  g  and  h,  I  ex~ 
pofed  it  to  the  fparks  of  a  con- 
ductor charged  pofitively,  and  kept 
my  hand  at  the  fame  time  in  con- 
nection with  the  wire  ab.  The 
plate  took  a  coniiderable  charge  ; 
its   upper    fide  was    unequivocally 
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pofitive,  and  its  lower  fide  nega- 
tive. I  placed  the  fcudo  on  the 
glafs  thus  charged,  and,  approach- 
ing it  with  my  hand,  I  received  a 
fpark.  I  then  approached  ab  with 
my  hand,  and  received  another. 
By  alternate  approaches  of  this 
kind,  four  or  five  times  repeated, 
the  fparks  became  weaker  and 
weaker,  till  they  difappeared;  the 
fcudo  was  then  raifed,  and  was 
ftrongly  negative;  but  the  pith 
ball,  on  the  removal  of  the  fcudo, 
clofed  and  feparated  pofitively. 

I  then  made  the  lower  the  upper 
furface,  and,  placing  the  fcudo 
upon  it,  formed  the  communica- 
tion, as  in  the  preceding  part  of 
the  experiment :  but  upon  being 
raifed,  the  fcudo  was  ftrongly  po- 
(itive,  and  the  balls  negative. 
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But  if,  previous  to  the  placing 
of  the  fcudo  on  the  glafs,  the  pith 
balls  be  carefully  difcharged  of  all 
adherent  electricity,  both  the  upper 
and  lower  fides  of  the  glafs  will 
be  charged  with  pofkive  electri- 
city, or  will  give  figns  of  their  be- 
ing in  the  fame  Jlate  at  the  fame 
time. 

It  is  obfervable,  that  the  fuccef- 
fion  of  electricities,  in  the  prece- 
ding experiments,  feems  to  vary  ac- 
cording to  the  priority  of  contact 
given  to  the  wire  or  the  fcudo.  But 
though  this  happens  mod  frequently, 
yet  fuch  anomalies  take  place  as  not 
to  juftify  us  in  confidering  this  fin- 
gular  connexion  of  diverfities  as 
by  any  means  certain. 
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The  appearances  I  have  juft 
defcribed,  cannot  be  fhewn  on  the 
refmous  electrophorus,  in  confe- 
quence  of  its  being  fattened  to  the 
brafs  plate  ;  but,  by  examining  the 
experiments  I  have  already  gone 
through  on  this  in  liniment,  you 
will  fee  fufficient  reafon  for  admit- 
ting that  the  very  fame  changes 
would  take  place  if  we  could  in- 
troduce the  refmous  Cake  into  the 
fame  circumftances. 

Your  recurrence  to  one  leading 
truth,  whofe  evidences,  I  think, 
are  ftrengthened  by  arguing  from 
feveral  of  the  appearances  which 
I  have  juft  now  defcribed,  will 
guide  you  through  an  eafy  inVefti- 
gation  of  the  various  modes  by 
which    all    are    derived    from    the 
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operation  of  one  caufe.  Remem- 
ber, that  the  fcudo  is  never  placed 
upon,  or  taken  off  the  excited 
furface,  without  an  attendant  di- 
minution or  increafe  of  attractive 
force. 

When  friction  or  the  Leyden 
phial  has  communicated  a  partial 
charge  to  the  plate  Gh,  and  when 
the  balls,  in  contact  with  its  lower 
fide,  are  consequently  Separated, 
the  fcudo  is  no  fooner  in  contact 
with  the  plate,  than  the  balls  in- 
ftantly  clofe,  and  when  it  is  taken 
off,  they  inftantly  feparate.  In 
perfect  confent  with  the  preceding 
fact,  is  the  diverfity  which  takes 
place  in  the  charge  when  the  refi- 
nous  furface  is   excited  with   the 
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fcudo  on,  or  the  fcudo  off.  In 
other  words,  the  introduction  of 
the  fcudo  is  that  of  a  new  power, 
amongft  whofe  effects  are  the  fin- 
gularities  which  feparate  the  phce- 
nomena  of  the  electxophorus  from 
thofe  of  the  Leyden  phial. 

CASE     L 

The  fcudo  is  placed  on  the  po 
fitive  fide  of  the  charged  plate. 
Let  us  now  fuppofe  that  when  the 
two  bodies  are  thus  joined,  an  ad- 
ditional force  is  created,  requir- 
ing, at  the  upper  furface,  a  certain 
quantity  of  the  fluid.  This  quan- 
tity cannot  be  taken  from  the  ac- 
cumulation of  the  charge,  though 
in  contact  with  the  fcudo;  for  the 
whole  affinity  of  the  accumulation 
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is  to  the  attractive  force  acting  on 
the  negative  or  lower  fide  of  the 
glafs. 

The  required  quantity  cannot 
be  taken  by  forming  a  connexion 
with  the  ground ;  for  before  fuch 
an  addition  is  made  to  the  upper 
furface,  rfiere  muft  be  a  contem- 
poraneous removal  of  an  equal 
quantity  from  the  lower  furface. 

You  hence  fee  the  reafon  why, 
in  the  cafe  of  the  refinous  elec- 
trophorus,  the  charge  Could  never 
be  made  till  a  communication  was 
made  between  the  upper  furface 
and  the  lower  furface,  and  the 
ground;  for,  by  this  means,  we 
not  only  fupply  what  is  wanted, 
but   we  at   the   fame  time   furnifh 
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an   opportunity    for   producing    a 
correfpondent  deficiency. 

We  are  now  to  conceive  of  the 
apparatus,  not  only  as  having  the 
charge  communicated  by  the  firft 
excitation,  but  as  having  another 
dependent  on  the  prefence  of  the 
fcudo.  Let  the  fcudo  be  raifed, 
and  the  whole  additional  fluid, 
collected  by  its  attractive  power, 
mull  be  difengaged,  and,  confe- 
quently,  a  pofitive  fpark  may  be 
received.  The  lower  fide  muft 
likewife  be  negative ;  for  the  lofs, 
caufed  by  its  firft  excitation,  is  now 
increafed.  But  recollect,  that  on 
railing  the  fcudo,  and  by  difcharg- 
ing  the  pofitive  it  caufed  on  the 
upper  fide,  you  leave  a   negative 

VOL.    I.  N 
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on  the  other  fide,  greater  than  is 
anfwerable  to  its  correfpondent 
accumulation  :  confequently,  the 
upper  Tide  is  difpofed  to  receive 
more,  and,  though  in  a  different 
(late,  mews  exactly  the  fame  figns 
with  the  lower  fide. 

CASE    II. 

When  the  fcudo  is  placed  on 
the  excited  furface,  let  us  firft 
touch  the  wire  ab,  and  then  form 
a  connexion  with  the  ground  and 
the  upper  furface,  a  quantity  of 
the  fluid  is  immediately  difengaged 
on  the  upper  furface,  which  goes 
to  anfwer  the  additional  attractive 
force  caufed  by  the  prefence  of 
the  fcudo :  the  remainder  paffes 
off  like  a  common  discharge,  or  it 
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is  difpofed  of  in  reftoring  the  equi- 
librium between  the  two  fides;  fo 
that  the  only  charge  which  remains 
is  that  which  depends  on  the  ope- 
ration of  the  fcudo,  which,  by 
having  touched  the  wire  firft,  has 
attracted  an  accumulation  to  the 
lower  fide :  when,  confequently, 
the  fcudo  is  raifed,  or  its  power 
deftroyed,  the  lower  fide  is  pofi- 
tive,  and  the  fcudo  negative.  But 
the  feparation  of  the  fcudo  leaves 
the  negative,  on  the  upper  fide, 
lefs  than  what  is  correfpondent  to 
the  oppofite  pofitive ;  it  is  there- 
fore difpofed  to  part  with  more 
fluid,  and,  as  in  the  lafl  cafe, 
Jhews  the  fame  Jigns  of  electri- 
city with  its  correfpondent  fur- 
face. 

N    2  ■ 
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I  could  have  fhewn  you  many 
other  varieties  of  appearances 
which  depend  on  varying  the  cir- 
cumftances  of  the  ele&rophorus : 
but  I  am  afraid  that  a  detail,  ren- 
dered tedious  by  the  endlefs  re- 
currence of  the  fame  words,  and 
by  the  frequent  neceffity  of  pro- 
voking the  attention  to  very  mi- 
nute differences,  may  have  ex- 
cited fuch  ftrong  wifhes  for  the  in- 
troduction of  a  new  fubjeft:,  as  are 
altogether  unfavourable  to  the  fur- 
ther inveftigation  of  the  prefent. 

I  would,  however,  obferve  to 
you,  that  the  knowledge  of  what 
I  have  been  fo  long  defcribing 
and  explaining,  is  effential  to  the 
character  of  a  good  electrician. 
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When  the  intricacies  of  the  elec- 
trophorus  are  well  confidered,  few 
cafes  can  occur,  in  which  the  in- 
fluence of  oppofite  furfaces  may 
not  be  eafily  inveftigated ;  but 
when  the  intricacies  of  the  electro- 
phorus  are  not  underftood,  we  are 
expofed  to  the  danger  of  commit- 
ting endlefs  blunders,  and  ready 
to  conceive  of  every  new  appear- 
ance as  overturning  Dr.  Franklin's 
theory,  and  as  juftifying  the  fabri- 
cation of  the  moil  abfurd  conceits 
and  extravagancies. 


-THE  DOUBLER, 

This  inftrument  is  the  invention 
of  Mr.  Bennet,  to  whom   we  are 
fo  much  indebted  for  the  electro- 
n  3 
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fcope,  whofe  advantages  we  have 
already  fo  frequently  experienced. 

By  the  aid  of  the  doubler,  Mr. 
Bennet  defigned  to  afcertain  the 
fmalleft  poflible  quantity  of  elec- 
tricity that  can  be  collected.  I 
will  now  give  you  his  defcription 
of  its  peculiarities,  and  of  the  ap- 
pearances which  refult  from  its 
operations. 

FIG.  XXIV. 

The  doubler  confifts  of  two  po- 
lifhed  plates  of  glafs,  A  and  B, 
with  infulating  handles;  the  handle 
of  one  is  fixed  on  the  fide  of  the 
plate,  and  the  other  on  the  centre, 
where  it  Hands  perpendicularly  to 
the  furface.     The  plates  are  var- 
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nifhed  on  the  under  fides  oniy.— 
When  the  doubler  is  to  be  ufed, 
B  is  placed  on  C,  a  plate  commu- 
nicating with  the  metallic  ftrips  of 
the  electrofcope. 

The  charged  furface,  which  you 
mean  to  examine,  is  brought  into 
contact,  with  B,  while  refting  on  C. 
The  finger,  or  fome  other  body 
in  connexion  with  the  ground,  is 
then  brought  to  touch  C,  and  the 
plates  are  immediately  afterwards 
feparated,  and  A  is  laid  on  B.  A 
connexion  is  next  formed  between 
A  and  the  ground  ;  it  is  afterwards 
feparated  from  B,  and  brought 
into  contacl  with  C.  While  A 
and  C  are  together,  B  is  again  laid 
on  C,  and  again  touched  by  the 
finger.  The  plates  are  then  re- 
n  4 
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moved,  and  the  communicated 
electricity  is  exprefled  by  the  repa- 
ration of  the  gold  leaf  (trips  in 
the  electrofcope, 

Each  repetition  of  the  procefs, 
I  have  juft  defcribed,  is  faid  to 
double  the  quantity  of  electricity. 

The  mode  of  operation  is  fup- 
pofed,  by  Mr.  Bennet,  to  be  the 
following  : 

By  the  firft  application,  the  lower 
furface  of  the  varnifh  of  B  parti- 
cipates in  the  electricity  of  that 
firft  charged  furface  which  is 
brought  into  contact,  with  it ;  an 
oppofite  electricity  is  confequently 
produced  on  the  upper  furface  of 
the  varnifh  of  B,  or  on  that  which 
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is  neareft  the  brafs  plate.     When 

A,  therefore,  is  laid  on  B,  the 
lower  furface  of  its  varnifh  parti- 
cipates in  the  electricity  of  the 
upper  furface  of  B's  varnifh,  and 
of  courfe  is  exactly  the  fame  with 
that  of  C,  and,  when  added  to  it, 
muft  increafe  it  as  often  as  that 
addition  is  made. 

The  preceding  illuflration  is  not, 
in  my  opinion,  to  be  reconciled 
with  the  acknowledged  principles 
of  the  Leyden  phial.     A  is  laid  on 

B,  and,  by  the  fimple  contact  of 
the  finger  with  the  upper  furface 
of  its  varnifh,  the  lower  furface  of 
A  becomes  charged.  This  you 
muft  perceive,  at  firft  fight,  to  be 
altogether  impoffible,  unlefs  a  com- 
munication   be    at  the    fame   time 
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formed  between  the  lower  furface 
of  B  and  the  upper  furface  of  A. 
It  is  then  analogous  to  the  cafe  of 
the  two  Leyden  phials,  whofe  op- 
pofite  fides  are  connected. 

Again,  when  A  is  brought  near 
C,  with  B  laid  upon  it,  the  charge 
of  its  lower  furface  is  fuppofed  to 
a6t,  not  upon  its  own  correfpond- 
ent  upper  furface,  but  upon  the 
upper  furface  of  B,  which  is  con- 
fequently  fuppofed  to  be  doubled 
in  its  influence  by  the  contempo- 
raneous action  of  two  oppofite  fur- 
faces  :  whereas  the  lower  furface 
of  A  cannot  a6l  at  all,  unlefs  the 
charge  on  its  upper  furface  be  at 
the  fame  time  removed :  but  by 
doing  this,  you  deftroy  the  very 
influence  which  is  wanted  for  the 
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explanation  given  by  Mr.  Bennet ; 
for  the  negative,  which  operates 
as  a  doubler,  owes  its  exiftence  to 
that  pofitive  whofe  removal  has 
taken  place. 

The  idea  that  the  negative  of 
one  excited  body  may  be  increafed, 
by  bringing  it  clofe  to  the  pofitive 
of  another,  is  altogether  erroneous 
in  every  inftance,  but  that  in  which 
the  pofitive  has  a  contemporaneous 
opportunity  of  acting,  and  even  in 
that  inftance  it  takes  place  only  in 
a  certain  degree,  and  in  certain 
circumftances.. 

ill,  If  the  pofitive  of  a  charged 
phial  be  united  with  the  pofitive 
of  another  phial  charged  lower  than 
itfelf,  and  their  negatives  be  at  the 


1 88  LECTURES     ON 

fame  time  connected,  then  the 
higher  charge  will  communicate 
till  both  are  equal.     But, 

2dly,  Though  the  excited  fur- 
face  in  one  cafe  be  that  of  immenfe 
dimenfions,  and  in  the  other  that 
of  a  few  inches  only,  the  vaft  body 
of  electricity  in  the  large  furface 
will  communicate  no  more  to  the 
leffer  furface,  than  what  is  fuffi- 
cient  to  bring  it  into  the  fame  (late 
of  excitation  with  itfelf.  This  is 
clear  from  the  following  fact 

Experiment.  On  the  two  fides 
of  a  plate  of  glafs,  twelve  inches 
in  diameter,  I  paired  two  pieces 
of  tin  foil  four  inches  fquare;  when 
the  contents  of  a  battery  of  thirty 
fquare  feet,  charged  as  highly  as  it 
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could  bear,  was  gradually  brought 
near  the  tin  foil  on  one  fide,  and 
a  connexion  took  place  at  the  fame 
time  between  the  other  fides,  the 
glafs  plate  took  the  charge  only 
of  each  diftincl:  phial  in  the  bat- 
tery, and  the  diminution  of  the 
whole  bore  the  fame  proportion 
to  the  refidue,  as  the  furface  of 
the  glafs  plate  did  to  that  of  the 
battery. 

In  the  common  operations  of 
electricity,  you  are  perpetually 
witneffes  to  effects  illuftrative  of 
the  fame  principle.  As  foon  as  the 
air  in  the  room  becomes  damp,  or 
any  accidental  conducting  vapour 
falls  on  the  furface  of  your  work- 
ing cylinder,  however  clean  your 
Leyden  phials   may    be,  you  will 
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yet  find  it  impoffible  to  charge 
them;  for,  let  the  circumvolutions 
of  your  machine  be  ever  fo  nume- 
rous, the  phials  cannot  receive  a 
higher  date  of  excitation  than  the 
cylinder  which  charges  them. 

You  will  hence  fee,  that  a  lan- 
guage which  has  been  lately  ufed 
with  fuch  frequency  by  electri- 
cians, as  to  become  almoft  habi- 
tual, is  altogether  improper  and 
abfurd.  They  are  perpetually  talk- 
ing of  condenfmg  the  fluid  on  a 
particular  furface.  If  they  mean 
any  thing  by  the  word  condenfation, 
they  mull  mean  that  a  quantity, 
which  was  previoufly  fpread  over  a 
large  furface,  is  fubfequently  con- 
fined to  a  fmaller  fpace.  In  other 
words,    that    vou    may     comprefs 
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forty  particles  fpread  over  two 
fquare  inches,  fo  as  to  lie  on  a 
fingle  fquare  inch.  If  this  be 
true,  then  a  higher  excitation  may 
be  caufed  by  a  lower,  in  oppofi- 
tion  to  all  that  I  have  faid ;  for 
forty  particles  on  an  inch  fquare 
is  pofitive,  with  a  degree  of  force 
twice  as  great  as  the  fame  particles 
on  two  inches  fquare. 

Briefly,  then,  my  objections  to 
Mr.  Bennett's  illuftration  of  the 
powers  of  his  own  doubler  are  re- 
folved  into  the  following  : 

lft,  He  fuppofes  charges  to  be 
conveyed  from  one  furface  to  ano- 
ther, without  a  proper  communica- 
tion between  the  furfaces. 
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2d,  He  admits,  as  a  principle, 
the  poffibility  of  exciting  a  greater 
by  an  inferior  power,  or  that  the 
negative  of  B  is  doubled  in  the 
height  of  its  charge  by  a  pofitive 
that  is  exactly  of  the  fame  height 
with  itfelf. 

3d,  He  fuppofes  a  particular 
charged  furface  to  operate  by  its 
fuperabundance  in  producing  a  ne- 
gative, previous  to  the  removal  of 
its  own  correfpondent  negative. 

That  the  appearances  of  the 
doubler  are  not  thofe  of  the  Ley- 
den  phial,  will  be  ftill  more  clear, 
if,  inftead  of  the  varnifhed  plates, 
we  fubllitute  two  very  thin  glafs 
plates  of  confiderable  dimenfions, 
and  make   them  analogous  to   the 
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varnifhed  brafs,  by  leaving  one 
fide  naked,  and  by  coating  the 
other  with  tin  foil.  If  experi- 
ments be  thus  made  on  a  large 
fcale,  the  impoffibilities  I  have  al- 
luded to  become  very  obvious. 

In  my  opinion,  the  doubler  is  a 
combination  of  two  electrophori. 
The  varnifhed  plate  anfwers  to  the 
refinous  fubftance,  and  flhe  brafs 
plate  of  the  electrofcope,  with  its 
glafs  cylinder,  is  exactly  fimilar  to 
a  fcudo,  infulated  by  a  tube,  in 
the  hollow  of  which  are  appended 
two  gold  leaf  {trips. 

When  the  varnifhed  plate  is  placed 

on    the    top  of    the   electrofcope, 

the  application  of  a  charged  phial 

to  its  furface  operates  as  an  exciter, 

vol.  1.  o 
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and  when  the  varnifhed  plate  is 
raifed,  the  cap  of  the  electrofcope, 
like  the  fcudo  when  removed  from 
an  electrophorus,  is  charged  with 
the  electricity  produced  from  the 
previous  junction  of  the  two 
bodies. 

The  varnifhed  plate,  B,  has  its 
brafs  now  charged  with  a  certain 
quantity  of  electricity,  or  with 
enough  to  act  as  an  exciter,  when 
the  varnifh  of  A  is  laid  upon  it. 
By  the  fimple  application  of  the 
finger  to  A,  according  to  our  ex- 
periments on  the  eleclrophorus,  no 
charge  ought  to  be  communicated. 
A  connexion  mould  be  formed 
at  the  fame  time  with  the  brafs  of 
B  :  but  I  have  found,  that  when 
the   refinous    fubftance   is  laid  on 
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very  thinly,  and  when  great  care 
is  not  taken  to  keep  the  metallic 
furfaces  at  a  proper  diftance,  a 
fpark  will  be  communicated.  In 
the  figure  given  by  Mr.  Bennet, 
of  his  doubler,  the  piece  of  brafs 
to  which  his  horizontal  handle  is 
fixed,  neceffarily  produces  fuch  a 
connexion. 

The  fpark  of  A,  ftrikinginto  C, 
is  fully  adequate  to  any  increafe  of 
electricity  that  can  be  communi- 
cated to  the  ele&rofcope. 

The  appearances  which  I  have 
endeavoured  to  explain,  are  feen 
on  a  larger  fcale  by  fubftituting,  in 
the  room  of  the  varniihed  plates, 
two  electrophori,  a  foot,  or  a  foot 
o  2 
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and  a  half,  in  dimenfions.  If  the 
refinous  fubftance  be  fpread  over 
a  polifhed  brafs  plate,  the  expe- 
riments are  then  in  every  refpecl  fi- 
milar,  though  much  lefs  equivocal 
in  their  language  than  thofe  of  the 
doubler. 

It  is  to  be  obferved,  however, 
that  whether  I  am  right  in  my  ex- 
planation, or  otherwife,  the  doub- 
ler, when  applied  to  its  intended 
purpofe,  may  be  ufed  with  great 
confidence  :  it  is  meant  to  colledi  a 
quantity  large  enough  for  the  de- 
cifive  examination  of  that  very 
electricity,  which  is  too  feeble  in 
its  difperfion  to  undergo  any  ac- 
curate inveftigation ;  and  every  ex- 
periment on  the  electxophorus 
proves,  that  when  a  charged  phial 
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is  brought  near  enough  to  ftrike  a 
fpark  into  the  fcudo,  the  electricity 
of  the  applied  furface  will  always 
be  the  electricity  of  the  fcudo. 

But  it  is  to  be  remembered,  as 
a  confequence  of  our  experiments 
on  the  infulated  electrophorus, 
that  appearances  would  be  alto- 
gether different,  if  the  varnifhed 
plate  was  not  in  contact,  with  the 
brafs  plate  of  the  electrofcope, 
when  the  phial  is  applied. 

THE  MOVEABLE  DOUBLER. 

This,  like  the  reft  of  Mr.  Ben- 
net's  inventions,  is  an  inftrument 
in  its  effects  very  important  to  the 
feience  of  electricity. 

°  3 


I98  LECTURES     ON 

I  prefer  Mr.  Read's  improve- 
ment of  this  inftrument  for  feveral 
reafons,  but  chiefly  for  the  fupe- 
riority  of  its  infulations. 

FIG.   XXV. 

ABCD  gives  one  view  of  Read  s 
doubler.  The  fhaded  parts  of  the 
figure  are  metal,  the  unfhaded 
parts  glafs.  A,  B,  C,  are  the  ex- 
cited plates,  fcrewed  on  to  the 
flattened  brafs  at  e,  f,  g :  a,  is  the 
focket  through  which  the  axis 
pafles,  by  whofe  means  the  brafs 
plate  revolves. 

FIG.   XXVI. 

Prefents  another  view  of  the 
moveable  doubler.     E  is  the  ter- 
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mination  of  the  metallic  axis.  B 
reprefents  the  arm  upon  which  the 
moveable  plate  is  fixed.  A  and  C 
are  the  immoveable  plates  fixed  on 
their  bent  infulators.  F  is  a  me- 
tallic pint  which  revolves  with  the 
axis,  and  is  connected  with  M> 
when  the  plate  B  is  oppofite  to  A. 
G  is  a  crofs  piece  of  wood  or  me- 
tal, to  which  a  piece  of  wire,  KI, 
is  faftened,  fo  that  the  whole  may 
participate  in  the  motion  of  the 
axis.  N  is  the  handle,  and  is 
placed  fo  as  to  counterpoife  the 
weight  of  the  moveable  plate.  The 
different  wires  muft  be  bent,  fo 
that  when  F  touches  M,  there  may 
be  no  metallic  connexion  between 
the  immoveable  plates;  but  when 
IK  touches  M,  then  the  metallic 
connexion  mould  be  complete  be- 
o  4 
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tween  the  plates,  or  the  wire  IK 
mould  at  the  fame  time  touch  M 
and  H. 

The  effe&s  of  the  preceding  in- 
iirument  are  the  following: 

lft,  When  the  handle  has  been 
turned  eight  or  ten  times  round, 
the  plates  will  be  found  to  have 
collected  a  quantity  of  ele&ricity, 
fufficiently  powerful  to  be  exa- 
mined by  a  fenfible  electrofcope. 
After  fifteen  or  twenty  rotations,  a 
{park  will  ftrike  from  one  plate  to 
another:  but  the  rapidity  of  this 
effect  will  depend  on  the  care  that 
has  been  taken  to  infulate  the 
plates. 

2d,  The  moveable  and  immove- 
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able  plates  may  be  made  either  of 
wood,  leather,  gypfum,  fal  amo- 
niac,  fal  prunella,  allum,  glafs,  or 
metal,  and  the  nature  and  the  in- 
tenfity  of  the  electricity  will  not 
vary.* 

3d,  The  electricities  of  the  move- 
able and  immoveable  plates  are  al- 
ways oppofite.  B  is  pofitive  when 
A  and  C  are  negative;  and  B  is 
negative  when  A  and  C  are  pofi- 
tive. But  it  is  not  eafy  to  de- 
termine, previous  to  experiment, 
which  plate  will  be  pofitive,  and 
which  negative.  This  effect,  de- 
pends on  a  variety  of  circum- 
ftances :  according  to  Mr.  Bennet, 
on  the  nature   of  the    connexion 

*    Read  on  Spontaneous   Eleflricity,     p.  29. 
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formed  between  the  plates  and  ad- 
joining fubftances ;  and,  according 
to  Mr.  Read,  on  the  ftate  of  the 
atmofphere  in  which  the  doubler 
is  ufed. 

In  the  experiments  of  both  on 
this  fubjecl:,  we  meet  with  acknow- 
ledged anamolies.  Indeed,  the  ex- 
perience of  fuch  difappointments, 
and  of  the  embarrafments  attend- 
ing them,  is  the  common  fate  of 
thofe  who  inveftigate  the  change- 
able -  ele&rickies  of  furfaces.  This 
is  particularly  the  cafe  where  the 
expreffions  of  electricity  are  feeble; 
nor  are  we  to  be  furprized,  that 
a  fmall  effect  mould  be  fubject  to 
variation  when  it  is  expofed  to 
the  influence  of  the  air  that  is  per- 
petually  changing,  and  of  all  the 
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vapours  and  floating  fubftances 
which  it  is  perpetually  collecting 
and  depofiting. 

You  witneffed  the  irregularities 
I  allude  to,  in  our  experiments 
on  the  electrophorus ;  when,  after 
twenty  repetitions  fucceeding  each 
other,  and  fhewing  that  its  lingu- 
lar appearances  depended  on  the 
previous  contact,  of  the  *  upper 
or  lower  Jurface  firft,  a  fudden 
change  took  place,  and  as  many 
fubfequent  efforts  were  followed 
by  an  uninterrupted  feries  of  irre- 
gularities. 

*  Vide  p.  172,   173. 
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FIG,  XXVI. 

The  moveable  doubler's  mode 
of  operation  is,  by  Mr.  Bennet 
the  inventor,  fuppofed  to  be  the 
following : 

He  firft  confiders  the  fluid  as 
exifting  in  C  and  B ;  the  latter  of 
which  plates  is  neceffarily  in  a  ftate 
oppofite  to  that  of  the  former.— 
When  B,  thus  charged,  comes  in 
its  rotation  oppofite  to  A,  the  elec- 
tricity it  produces  in  A  is  different 
from  its  own,  and  confequently  the 
fame  with  that  of  C,  at  the  mo- 
ment in  which  B  a  fecond  time  is 
oppofed  to  C.  A  metallic  wire 
connects  C  and  A,  and  the  power 
of  two  negatives  acls  upon  B,  and 
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doubles  the  intenfity  of  its  electri- 
city. By  each  feparate  revolu- 
tion, this  doubling  procefs  is  re- 
peated, fo  that  the  accumulation, 
collected  by  the  fucceflive  rota- 
tions, is  the  amount  of  a  geometric 
feries,  in  which  the  fum  of  twelve 
terms,  or  the  effect,  of  twelve  revo- 
lutions of  the  handle,  is  upwards 
of  a  thoufand  times  greater  than 
the  firft  term,  or  the  effecl  of  the 
firft  revolution. 

If  this  theory  be  true,  the  firft 
production  of  electricity  muft  be 
infinitely  fmall ;  for,  after  ten  re- 
volutions, the  electricity  of  the 
beft  doubler  will  fcarcely  affect,  the 
molt  fenfible  doubler.  But,  here 
again,  Mr.  Bennet  has  recourfe 
to   a  principle   which    I    have    al- 
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ready  controverted.  He  affumes 
the  poffibility  that  a  negative  can 
act.  independently  of  its  corre- 
fpondent  pofitive,  and  that  a  nega- 
tive of  one  degree  of  intenfity 
mould  produce  a  pofitive  of  a 
higher  intenfity  than  that  of  its 
own  electricity.  A,  C,  and  B,  are 
all  charged  equally  high;  but  A 
and  C  together  make  B  higher. 

I  do  not  feel  the  neceffity,  in 
the  prefent  inflance,  of  introducing 
a  principle  which  I  think,  and  have 
endeavoured  to  prove,  is  direclly 
oppofed  by  many  well  known 
fads. 

If  the  plate  of  air  between  B 
and  C  be  confidered  as, analogous 
to  the  varnifh  between  the   fcudo 
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and  the  copper  plate,  the  inftru- 
ment  will  then  be  no  more  than  a 
common  eleclropfiorus,  and  every 
previous  condition  for  the  charging 
of  the  one  will  be  found  neceffary 
for  the  charging  of  the  other.— 
Both  require  the  fame  double  com- 
munication between  their  oppofite 
furfaces  and  the  ground,  and  both 
have  their  electricities  increafed 
when  they  are  brought  near  each 
other,  already  charged.  Befides, 
the  oppofite  ele&ricities  of  the 
plates  are  perfectly  analogous  to 
thofe  of  the  fcudo  and  the  copper 
plate,  and  it  is  evident  that  there 
muft  be,  with  every  revolution  of 
the  doubler,  that  increafed  exci- 
tation which  is  produced  by  con- 
veying the  fcudo  of  one  eleclro- 
phorus  charged,  to  the  furface  of 
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another  electrophorus  uncharged: 
by  this  means  the  electricity  of 
both  come  to  the  maximum  of 
their  intensity. 

When  I  entered  upon  Mr.  Ben- 
net's  explanation  of  the  doubler, 
I  confidered  the  electricity  as  al- 
ready generated.  One  queftion, 
therefore,  ftill  remains  to  be  an- 
fwered:  Whence  does  that  fluid 
proceed,  which,  after  one  revolu- 
tion, is  found  in  the  plates  ? 

Mr.  Read  maintains  that  it  comes 
from  the  furrounding  air.— — He 
grounds  this  hypo  the  fis  on  the  (i- 
milarity  which  he  always  found  to 
take  place  between  the  electricity 
of  the  doubler,  and  that  of  the 
atmofphere.       I   cannot   reconcile 
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Mr.  Read's  opinion  with  feveral 
of  Mr.  Bennet's  experiments,  in 
which  he  evidently  proves  that  cir- 
cumftances,  whofe  operation  can 
have  no  connection  with  the  (late 
of  the  furrounding  atmofphere, 
change  all  the  appearances  pro- 
duced by  the  inftrument.  The 
whole  air  of  a  room  cannot  furely 
be  arfe£led  by  fo  fmall  a  difference 
as  that  of  touching  the  plate  with 
a  piece  of  lead  or  a  piece  of  iron. 
But  a  total  change  in  the  electri- 
cities of  the  plates  was  found  by 
Mr.  Bennet  to  be  the  confequence 
of  fuch  a  difference.  I  would 
not,  however,  deny  that  the  caufe 
affigned  by  Mr.  Read  may  not 
have  fome  effect ;  for  we  well 
know  that  the  nature  of  commu- 
nicated   electricity    materially  a£- 

VOL.   I.  P 
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feels  the  appearances  of  the  elec- 
trophorus. 

Mr.  Bennet  confiders  "  the  ap- 
proach of  the  two  parallel  plates  as 
adequate  to  the  electricity  in  quejiion" 
You  will  remember,  that  through- 
out the  whole  of  thefe  Lectures, 
I  have  availed  myfelf  of  this  prin- 
ciple, viz.  that  contact,  muft  alter 
the  capacity  of  bodies,  and  of 
courfe  produce  a  feparation  of 
their  condiment  parts.  But  how- 
ever difpofed  I  may  be  tp  admit 
Mr.  Bennet's  theory  as  favourable 
to  my  own  ideas,  I  am  yet  inclined 
to  doubt  the  operation  of  it,  where 
fuch  a  diflance  feparates  the  two 
bodies,  as  that  neceffary  to  the 
operation  of  the  doubler.  Befides, 
the  motion  of  the   plate  through 
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the  air,  and  the  friction  of  the  axi-? 
in  the  collar  of  the  inftrument,  are 
very  probable  fources  of  excite 
Uon. 

If  the  blowing  of  a  little  duft 
from  a  pair  of  bellows  will  produce 
fluid  enough  to  feparate  the  gold 
leaf  {trips,  why  may  not  the  per- 
petual percuflion  of  the  plate 
againft  the  air,  and  the  hetero- 
genous particles  with  which  it  is 
loaded,  produce  a  fimilar  effect  ? 

If  marble  and  metal,  by  fimple 
contact,  excite  electricity,  why 
fhould  not  the  rapid  movement 
of  metal  in  wood,  or  of  metal  in 
metal,  be  attended  with  the  fanfe 
confequences  ? 

f  2 
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Do  not  confider  me  as  afferting 
that  Mr.  Bennet  is  not  right ;  for 
I  know  not  at  what  diftance  that 
attractive  influence  ceafes  to  a8? 
upon  whofe  energy  the  repa- 
ration of  the  fluid  depends :  but 
I  mult  feel  the  preceding  objec- 
tions, till  removed  by  the  evidence 
of  experiment. 

ON  ELECTRICAL  LIGHT. 

I  now  proceed  to  the  difcuflion 
of  certain  appearances  which  are 
common  to  all  our  preceding  ex- 
periments. From  a  regard  to  their 
varieties  and  importance,  I  have 
referved  them  as  a  feparate  object 
of  attention.  Indeed,  I  confider  the 
electric  fluid  and  light  to  be  dif- 
tinct  bodies;   and  I    confequently 
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thought  that  you  would  be  more 
able  to  comprehend  the  fimple 
operations  of  the  former,  if  they 
were  not  blended  with  the  effects 
refulting  from  its  connection  with 
the  latter.  In  the  Philofophical 
Tranfactions,  I  have  arranged  all 
the  peculiarities  of,  electrical  light 
under  fix  general  peads.  Thefe 
I  fliall  now  repeat  to  you. 

I.  There  is  ndjluid  or  j "olid  body 
in  its  paffage  through  which  the 
electric  Jluid  may  not  be  made  lu- 
minous. 

In  water,  fpirits,  oil,  animal  fluid 
of  all  kinds,  the  difcharge  of  a 
Ley  den  phial,  of  almoft  any  fize, 
will  appear  very  fplendid,  provided 
we  take  care  to  place  them  in  the 

*3 
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circuit,  fo  that  the  fluid  may  not 
pafs  through  too  great  a  quantity 
of  them.  My  general  method  is, 
to  place  the  fluid,  on  which  I  mean 
to  make  the  experiment,  in  a  tube 
three-fourths  of  an  inch  in  diame- 
ter, and  four  inches  long.  I  ftop 
up  the  orifices  of  the  tubes  with 
two  corks,  through  which  I  pufh 
two  pointed  wires,  fo  that  the 
points  may  approach  within  one- 
eighth  of  an  inch  of  each  other. 
The  fluid,  in  palling  through  the 
interval  which  feparates  the  wires, 
is  always  luminous,  if  a  force  be 
ufed  fufficiently  ftrong.  I  fhould 
obferv©,  that  the  glafs  tube  always 
breaks,  when  this  experiment  fuc- 
ceeds.  To  make  the  paffage  of 
the  fluid  luminous  in  the  acids, 
they  Hiuft  b€  placed  in  capillary 
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tubes,  and  two  wires  inferted  as  in 
the  preceding  experiment,  whofe 
points  mall  be  very  near  each 
other. 

It  is  a  well  known  facl:,  that  the 
difcharge  of  a  fmall  Leyden  phial, 
in  paffing  a  ftrip  of  gold,  filver, 
or  Dutch  metal  leaf,  will  appear 
very  luminous.  By  conveying  the 
contents  of  a  jar,  meafuring  two 
gallons,  over  a  ftrip  of  gold  leaf, 
one-eighth  of  an  inch  in  diameter, 
and  a  yard  long,  I  have  frequently 
given  the  whole  a  dazzling  bright- 
nefs.  I  cannot  fay,  that  a  much 
greater  length  might  not  have  been 
made  very  fplendid,  nor  have  I 
yet  determined  to  what  length  the 
contents   of   a   battery   might   be 

p  4 
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made  luminous  in  this  manner.— 
We  may  give  this  experiment  a 
curious  diverfity,  by  laying  the 
gold  or  (ilver  leaf  on  a  piece  of 
glafs,  and  then  placing  the  glafs 
in  water;  for  the  whole  length  of 
the  metallic  leaf  will  appear  molt 
brilliantly  luminous,  by  expofing 
it,  thus  circumftanced,  to  the  ex- 
plofion  of  a  battery. 

II.  The  difficulty  of  making  any 
quantity  of  the  electrical  fluid  lumi- 
nous in  any  body,  increafes  as  the 
conducting  power  of  that  body  in- 
creafes. 

Experiment  i.  In  order  to  make 
the  contents  of  a  jar  luminous  in 
boiling  water,  a  much  higher  charge 
is  necefTary  than  would  be  fuffi- 
cient  to  make  it  luminous  in  cold 
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water,  which  is  univerfally  allowed 
-to  be  the  worft  conductor. 


Exp.  2.     I  have  various  reafons 

for  believing  the  acids  to  be  very 

good    conductors.      If,   therefore, 

into  a  tube  filled  with  water,   and 

circumftanced  as  I  have  defcribed, 

a  few  drops  of  either  of  the  mi- 
neral   acids    be  poured,  it  will   be 

almoft  impoffible  to  make  the  fluid 

luminous  in  its  paflage  through  the 

tube. 

Exp.  3.  If  a  firing,  whofe  di- 
ameter is  one-eighth  of  an  inch, 
and  whofe  length  is  fix  or  eight 
inches,  be  moiltened  with  water, 
the  contents  of  a  jar  will  pafs  thro* 
it  luminouflv;    but  no   fuch   ap~ 
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pearance  can  be  produced  by  the 
paflage  of  any  charge,  provided 
the  fame  firing  be  moiflened  with 
one  of  the  mineral  acids. 

To  the  preceding  inftance  we 
may  add  the  various  inftances  of 
metals  which  will  conduct  the  elec- 
tric fluid  without  any  appearance 
of  light,  in  circumftances  the  fame 
with  thofe  in  which  an  equal  charge 
would  have  appeared  luminous  in 
pafling  through  other  bodies  whofe 
conducting  power  is  lefs. 

III.  The  eafe  with  which  the 
electric  Jluid  is  rendered  luminous 
in  any  particular  body3  is  increased 
by  increajing  the  rarity  of  that  body. 
The  appearance  of  a  fpark,  or  of 
the  difcharge  of  a  Leyden  phial3 
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in  rarefied  air,  is  well  known. 
But  we  need  not  reft  the  truth  of 
the  preceding  obfervation  on  the 
feveral  varieties  of  this  fa6l ;  fimi- 
lar  phcenomena  attend  the  rarefac- 
tion of  aether,  of  fpirits  of  wine 
and  of  water. 

Exp.  4.  Into  the  orifice  of  a 
tube,  forty-eight  inches  long  and 
two-thirds  of  an  inch  in  diameter, 
I  cemented  an  iron  ball,  fo  as  to 
bear  the  weight  which  preffed  upon 
it  when  I  filled  the  tube  with 
quickfilver,  leaving  only  an  inter- 
val at  the  open  end,  which  con- 
tained a  few  drops  of  water. — 
Having  inverted  the  tube,  and 
plunged  the  open  end  of  it  into 
a  bafon  of  mercury,  the  mercury 
in  the  tube  flood  nearly  half  an 
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inch  lower  than  it  did  in  a  baro- 
meter at  the  fame  inftant,   owing 

to  the  vapour  which  was  formed 

by    the  water;    but    through    this 

rarified  water  the   ele&rical  fpark 

pa{Ted  as  luminoufly  as  it  does  thro* 

air  equally  rarefied. 

Exp.  5.  If,  inflead  of  water,  a 
few  drops  of  fpirits  of  wine  are 
placed  on  the  furface  of  the  mer- 
cury, phcenomena,  fimilar  to  thofe 
of  the  preceding  experiment,  will 
be  difcovered,  with  this  difference 
only,  that  as  the  vapour  in  this 
cafe  is  more  denfe,  the  electrical 
fpark,  in  its  paflage  through  it,  is 
not  quite  fo  luminous  as  it  is  in 
the  vapour  of  water. 

Exp.  6.  Good  aether,  fubflituted 
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in  the  room  of  fpirits  of  wine, 
will  pre  fs  down  the  mercury  fo 
low  as  the  height  of  fixteen  or 
feventeen  inches.  The  eleclrical: 
fluid,  in  paffing  through  this  va- 
pour (unlefs  the  force  be  very 
great  indeed)  is  fcarcely  luminous : 
but  if  the  preffure  on  the  furface 
of  the  mercury  in  the  bafon  be 
gradually  lefTened  by  the  aid  of 
an  air  pump,  the  vapour  will  be- 
come more  and  more  rare,  and 
the  electric  fpark,  in  paffing  thro* 
it,  more  and  more  luminous. 

Exp.  7.  I  Could  not  difcover 
that  any  vapour  efcaped  from  the 
mineral  acids,  when  expofed  in 
vacuo.  To  give  them,  therefore, 
greater  rarety  or  tenuity,  I  found 
different  methods  neceffary.    With 
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a  fine  camel  hair  pencil,  dipped 
in  the  vitriolic,  the  nitrous,  or  the 
marine  acid,  I  drew  upon  a  piece 
of  glafs  a  line  about  one-eighth  of 
ah  inch  broad.  In  fome  inftances 
1  extended  this  line  to  the  length 
of  twenty-feven  inches,  and  found 
that  the  contents  of  an  electrical 
battery,  confifting  of  ten  pint  phials 
coated,  would  pafs  over  the  whole 
length  of  this  line  with  the  greateft 
brilliancy.  If,  by  widening  the 
line,  or  by  laying  on  a  drop  of 
the  acid,  its  quantity  was  increafed 
in  any  particular  part,  the  charge, 
in  pafling  through  that  part,  never 
appeared  luminous.  Water  or  fpi- 
rits  of  wine,  circumftanced  fimi- 
larly  to  the  acids  in  the  preceding 
experiment,  were  attended  with 
fimilar  but   not  equal  effects,  be- 
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caufe,  in  confequence  of  the  in- 
feriority of  their  concluding  power, 
it  was  neceffary  to  make  the  line, 
through  which  the  charge  palled, 
confiderably  fhorter. 

IV.  The  brilliancy  or  fplendour 
of  the  eletlric  fluid,  in  its  paJJ'age 
through  any  body,  is  always  increafed 
by  lejfening  the  dimenfions  of  that 
body.  I  would  explain  my  mean- 
ing by  faying,  that  a  fpark,  or  the 
difcharge  of  a  battery,  which  we 
might  fuppofe  equal  to  a  fphere 
one-fourth  of  an  inch  in  diameter, 
would  appear  much  more  brilliant, 
if  the  fame  quantity  of  the  fluid 
were  compreffed  into  a  fphere  one- 
eighth  of  an  inch  in  diameter.  This 
obfervation  is  the  obvious  confe- 
rence of  many  known  fads.     If 
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the  machine  be  large  enough  to  af- 
ford a  fpark,  whofe  length  is  nine 
or  ten  inches,  this  fpark  may  be 
feen  fometimes  forming  itfelf  into 
a  brum,  in  which  date  it  occupies 
more  room,  but  appears  very  faintly 
luminous.  At  other  times  the  fame 
fpark  may  be  feen  dividing  itfelf 
into  a  variety  of  ramifications, 
which  fhoot  into  the  furrounding 
air.  In  this  cafe  likewife,  the  fluid 
is  diffufed  over  a  large  furface, 
and,  in  proportion  to  the  extent 
of  that  furface,  fo  is  the  faintnefs 
of  the  appearance.  A  fpark  which, 
in  the  open  air,  cannot  exceed 
one-fourth  of  an  inch  in  diameter, 
will  appear  to  fill  the  whole  of 
an  exhaufted  receiver,  four  inches 
wide  and  eight  inches  long ;  but 
in  the  former  cafe  it  is  brilliant, 
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and  in  the  latter  it  grows  fainter 
and  fainter,  as  the  fize  of  the  re- 
ceiver increafes.  To  prove  jhe 
obfervation,  which  I  think  may  be 
juftified  by  the  preceding  fads,  I 
made    the    following   experiments. 

Exp.  8.  To  an  infulated  ball, 
four  inches  in  diameter,  I  fixed 
a   filver  thread   about   four  yards 

Jong.  This    thread,     at    the 

end  which  was  remoteft  from  the 
ball,  was  fixed  to  another  infulated 
fubftance.  I  brought  the  ball 
within  the  ftriking  diftance  of  my 
conductor,  and  the  fpark,  in  paffing 
from  the  conductor  to  the  ball, 
appeared  very  brilliant;  but  the 
whole  length  of  the  filver  thread 
appeared  faintly  luminous  at  the 
fame  inftant.    In  other  words,  when 
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the  fpark  was  confined  within  the 
dimenfions  of  a  fphere  one-eighth 
of.  an  inch  in  diameter,  it  was 
bright;  but  when  diffufed  over  the 
furface  of  air  whicji  received,  it 
from  the  thread,  its  light  became 
fo  faint,  as  to  be  feen  only  in  a 
dark  room.  If  I  leffened  the  fur- 
face  of  air  which  received  the 
fpark,  by  fhortening  the  thread,  I 
never  failed  to  increafe  the  bright- 
nefs  of  the  appearance. 

Exp.  9.  To  prove  that  the  faint- 
nefs  of  the  electric  light  in  vacuo 
depends  on  the  enlarged  dimen- 
fions of  the  fpace  through  which 
it  is  diffufed,  we  have  nothing 
more  to  do,  than  to  introduce  two 
pointed  wires  into  the  vacuum,  fo 
that    the    fluid  may  pafs  from  the 
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point  of  the  one  to  the  point  of 
the  other,  when  the  diftance  be- 
tween them  was  not  more  than 
one-tenth  of  an  inch.  In  this  cafe 
we  fhall  find  a  brilliancy  as  great 
as  in  the  open  air. 

Exp.  10.  Into  a  torricellian  va- 
cuum, thirty-fix  inches  in  length, 
I  conveyed  as  much  air  as  would 
have  filled  two  inches  only  of  the 
exhaufted  tube,  if  it  were  inverted 
in  water.  This  quantity  of  air  af- 
forded refiftance  enough  to  con- 
denfe  the  fluid  as  it  palled  through 
the  tube,  into  a  fpark  thirty-eight 
inches  in  length.  The  brilliancy 
of  the  fpark  in  condenfed  air,  in 
water,  and  in  all  fubftances  thro' 
which  it  paries  with  difficulty,  de- 
pends on  principles  fimilar  to  thofe 
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which  account   for    the  preceding 
fa&s. 


V.  In  the  appearances  of  eleflri- 
city^  as  well  as  in  thofe  of  burning 
bodies,  there  are  cafes  in  which  all 
the  rays  of  light  do  not  efcape.  The 
moft  refrangible  are  thofe  which  ef- 
cape firf  or  mofl  eafily.  The  elec- 
trical brufh  is  always  of  a  purple 
or  bluifh  hue.  If  you  convey  a 
fpark  through  a  torricellian  vacuum, 
made  without  boiling  the  mercury 
in  the  tube,  the  brum  will  difplay 
the  indigo  rays.  The  fpark,  how- 
ever, may  be  weakened  and  di- 
vided, even  in  the  open  air,  fo  as 
to  yield  the  moft  refrangible  rays 
only. 

Exp.  11.     To  an  infulated  me- 
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tallic  ball,  four  inches  in  diameter, 
I  fixed  a  wire  a  foot  and  a  half 
long.  This  wire  terminated  in  four 
ramifications,  each  of  which  was 
fixed  to  a  metallic  ball  half  an  inch 
in  diameter,  and  placed  at  an 
equal  diftance  from  a  metallic 
plate,  which  communicated  by  me- 
tallic conductors  with  the  ground. 
A  powerful  fpark,  after  falling  on 
the  large  ball  at  one  extremity 
of  the  wire,  was  divided  in  its  paf- 
fage  from  the  four  fmall  balls  to 
the  metallic  plate.  When  I  exa- 
mined this  divifion  of  the  fluid  in 
a  dark  room,  I  difcovered  fome 
little  ramifications,  which  yielded 
the  indigo  rays  only  :  indeed,  at 
the  edge  of  all  weak  fparks,  the 
fame  purple  appearance  may  be 
difcovered.  We  may  likewife  ob~ 
Q  3 
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ferve,  that  the  nearer  we  approach 
the  centre  of  the  fpark,  the  greater 
is  the  brilliancy  of  its  colour.  But 
I  would  now  wifh  to  fhew, 

VI.  That  the  influence  of  dif- 
ferent media  on  electrical  lights  is 
analogous  to  their  influence  on 
folar  lights  and  will  help -us'  to  ac- 
count for  fome  very  fingular  ap- 
pearances. 

Exp.  12.  Let  a  pointed  wire, 
having  a  metallic  ball  fixed  to  one 
of  its  extremities,  be  forced  ob- 
liquely into  a  piece  of  wood,  fo  as 
to  make  a  fmall  angle  with  the  fur- 
face  of  the  wood,  and  to  extend 
its  point  one-eighth  of  an  inch 
below  the  furface ;  let  another 
pointed  wire,  which  communicates 
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with  the  ground,  he  forced  in  the 
fame  manner  into  the  fame  wood, 
To  that  its  point  likewife  may  be 
about  one-eighth  of  an  inch  below 
the  furface,  and  about  two  inches 
diftant  from  the  point  of  the  firft 
wire;  let  the  wood  be  infulated, 
and  a  ftrong  fpark,  which  ftrikes 
on  the  metallic  ball,  will  force  its 
paffage  through  that  interval  of 
wood  which  lies  between  the  points, 
and  appears  as  red  as  blood.  To 
prove  that  this  appearance  depends 
on  the  wood's  abforption  of  all* the 
rays,  but  the  red,  I  would  obferve 
that  the  greater  is  the  depth  of  the 
points  below  the  furface,  the  lefs 
mixed  are  the  red  rays.  I  have 
been  able  fometimes,  by  increafing 
or  diminifhing  the  depth  of  the 
Q4 
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points,  to  give  the  fpark  the  fol- 
lowing fucceffion  of  colours. 


■o 


When  they  were  deepeft  below 
the  furface,  the  red  only  came  to 
the   eye  through  a  prifm.     When 
they  were  raifed  a  little  nearer  the 
furface,    the    red  and  orange   ap- 
peared ;     when    nearer    ftill,    the 
yellow,  and  fo  on,  till,   by  making 
the  fpark  pafs   through  the  wood 
very  near  its  furface,   all  the  rays 
were  at  length  able  to  reach  the 
eye.      If  the  points  be  only  one- 
eighth  of  an  inch  below  the  fur- 
face of   foft  deal  wood,    the  red, 
the  orange,    and  the  yellow  rays, 
will     appear    as    the    fparks    pafs 
through  it :    but   when  the  points 
are  at  an  equal  depth  in  a  harder 
piece   of   wood  (fuch  as   box)  the 
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yellow,  and  perhaps  the  orange,  will 
difappear. 

As  a  farther  proof  that  the  phoe- 
nomena,  1  am  defcribing,  are 
owing  to  the  interpofition  of  the 
wood,  as  a  medium  which  abforbs 
fome  of  the  rays,  and  fufFers  others 
to  efcape,  it  may  be  obferved  that 
when  the  fpark  ftrikes  very  bril- 
liantly on  one  fide  of  the  piece  of 
deal,  on  the  other  fide  it  will  ap- 
pear very  red.  In  like  manner, 
a  red  appearance  may  be  given 
to  a  fpark  which  ftrikes  brilliantly 
over  the  infide  of  a  tube,  merely 
by  fpreading  fome  pitch  very  thin- 
ly over  the  outfide  of  the  fame 
tube. 

Exp,  13.   I  will  now  give  another 


234  LECTURES     ON 

facl,  whofe  Angularities  depend 
very  much  on  the  influence  of 
the  medium,  through  which  the 
electrical  light  is  made  to  pafs.  If 
into  a  torricellian  vacuum,  of  any 
length,  a  few  drops  of  aether  are 
conveyed,  and  both  ends  of  the 
vacuum  are  flopped  up  with  me- 
tallic conductors,  fo  that  a  fpark 
may  pafs  through  it,  the  fpark  in 
its  paffage  will  aifume  the  follow- 
ing appearances  : 

When  the  eye  is  perfectly  clofe 
to  the  tube,  the  fpark  will  appear 
perfectly  white.  If  the  eye  be  re- 
moved to  the  diftance  of  two 
yards,  it  will  appear  green;  but 
at  the  diftance  of  fix  or  feven 
yards,  the  colour  of  the  fpark  will 
be    reddifh.      Thefe    changes   evi- 
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dently  depend  on  the  quantity  of 
medium  through  which  the  light 
paffes,  and  the  red  light  more  par- 
ticularly, which  we  fee  at  the 
greateft  di-ftance  from  the  tube,  is 
accounted  for  on  the  fame  prin- 
ciple as  the  red  light  of  a  diftant 
candle  or  a  beclouded  fun. 

Exp.  14.  Dr.  Prieftley,  long 
ago,  obferved  the  red  appearance 
of  the  fpark,  when  pairing  through 
inflammable  air.  But  this  appear- 
ance is  very  much  diverfified  by 
the  quantity  of  the  medium  thro' 
which  you  look  at  the  fpark. — 
When  the  eye  is  at  a  very  confi- 
derable  diftance,  the  red  comes 
to  it  unmixed;  but  if  the  eye  be 
placed  clofe  to  the  tube,  the  fpark 
appears    white    and    brilliant.      In 
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confirmation,  however,  of  fome  of 
my  conclufions,  I  would  obferve, 
that  by  increafing  the  quantity  of 
electric  fluid  which  is  conveyed 
through  any  portion  of  inflam- 
mable air,  or  by  condenfing  that 
air,  the  fpark  may  be  entirely  de- 
prived of  its  red  appearance,  and 
made  perfectly  brilliant.  I  have 
only  to  add,  that  all  weak  explofions 
and  fparks,  when  viewed  at  a  cer- 
tain diftance,  bear  a  reddifh  hue. 
Such  are  the  explofions  which  pafs 
thro'  water,  fpirits  of  wine,  or  any 
bad  conductor,  when  confined  in  a 
tube,  whofe  diameter  is  not  more 
than  one  inch.  The  reafon  of 
thefe  appearances  feems  to  be, 
that  the  weaker  the  fpark  or  ex- 
plofion  is,  the  lefs  is  the  light  which 
efcapes,   and  the  more  vifible  the 
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effeft;  of  any  medium  which  has 
a  power  to  abforb  fome  of  that 
light. 

The  preceding  experiments  and 
obfervations  were  the  confequence 
of  directing  my  attention  to  the 
analogy  fubfifting  between  electric 
light  and  that  of  bodies  in  a  ftate 
of  combuftion.  In  a  few  queries 
(expreffed  at  the  end  of  the  paper 
which  I  have  already  alluded  to) 
I  have  conjectured  that  the  fame 
theory  may  account  for  both.  In 
the  different  ftages  of  combuftion 
I  have  endeavoured  to  fhew  that 
the  different  rays  are  emitted  in 
proportion  to  the  degree  of  de- 
compofition  that  takes  place  in  the 
burning  body  ;  that  in  the  nafcent 
ftate  of  combuftion  the  violet  rays 
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efcape  firft,  then  the  next  in  the 
order  of  refrangibility  fucceeds, 
and  fo  on,  till  the  body  at  length 
retains  none  but  the  red  rays ;  or 
that,  in  their  laft  ftate  of  cora- 
buftion,  all  bodies  muft,  agreeably 
to  the  theory  as  well  as  to  obferva- 
tion,  be  of  a  red  colour.  On  my 
brief  conjectures,  as  expreffed  in 
the  Transactions,  I  will  now  beg 
leave  to  amplify. 

lft,  I  have  afked  this  queftion, 
whether  the  attractive  force  which 
unites  the  conftituent  parts  of  dif- 
ferent bodies,  muft  not  be  altered 
by  increafing  or  diminifhing  the 
quantity  of  any  particular  confti- 
tuent which  enters  into  the  body? 
I  will  thus  explain  my  meaning  : 
fuppofe  the  body,  D,  to  be  a  com- 
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pound,  confiding  of  three  different 
ingredients,  which  I  call  A,  B, 
and  C;  fuppofe  this  compound  to 
retain  the  union  of  its  parts  unal- 
tered, while  A  confifts  of  fifty  par- 
ticles, B  of  twenty,  and  C  of  ten; 
while  D  remains  in  this  undivided 
ftate,  fuppofe  an  exterior  force,  E, 
to  have  an  affinity  with  or  to  exer- 
cife  an  attractive  force  upon  the 
particles  of  the  ingredient  A,  it  is 
evident,  from  the  continued  union 
of  D's  feveral  parts,  that  E  is  not 
adequate  to  the  feparation  of  thofe 
parts,  while  the  quantities  of  A  and 
B  remain  unaltered.  But  let  us 
fuppofe  the  reduction  of  B  to  ten, 
it  is  then  obvious  that  there  will 
be  a  lefs  force  to  act  upon  the  in- 
gredients A  and  B,  and  that  the 
exterior  will  then  be  likely  to  take 
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fome  of  thofe  ingredients  to  itfelf. 
Again,  let  us  fuppofe  that  A  is 
increafed  to  one  hundred,  in  that 
cafe  a  feparation  muft  take  place, 
for  the  addition  will  exercife  an 
attractive  force  upon  the  particles 
which  are  fimilar  to  themfelves, 
or  upon  the  fifty  particles  which 
already  exift  in  A.  The  union  be- 
tween A  and  the  two  other  ingre- 
dients will  be  thus  leffened,  and 
confequently  the  fame  effecls  will 
refult  from  the  operation  of  an 
exterior  influence,  as  in  the  pre- 
ceding inftance. 

Facls  without  number  feem  to 
mew  the  actual  exiftence  of  what 
I  have  now  ftated  as  undeniable 
poflibilities.  All  the  decompofi- 
tions  produced  by  adding  heat  to 
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iuch  combuftibles  as  are  at  die 
time  expofed  to  the  influence  of 
the  atmofphere,  may  (in  my  opi- 
nion) be  eafily  accounted  for  by 
an  application-  of  the  laft  cafe 
which  I  have  ftated*  In  like  man- 
ner, many  of  the  effects  of  cold 
may  be  traced  to  the  caufes  de- 
fcribed  in  the  firft  of  the  two 
cafes.  As,  however,  any  reafoning 
derived  from  the  corporeal  nature 
of  heat  will  be  rejected  by  thofe 
who  afcrjbe  heat  to  a  fomething 
unknown,  I  will  ftate  to  you  fome 
other  inftances. 

Glafs  is  a  compound  of  two 
bodies,  which  we  call  an  alkali  and 
an  earth.  This  compound  is  not  at 
all  afTecled  by  either  of  the  mine- 
ral acids,  while  the  quantity  of  the 
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alkali  does  not  exceed  one-third 
of  that  of  the  earth,  increafe  the 
quantity  of  the  alkali  to  two-thirds, 
and  then  unite  an  acid,  and  you 
will  find  all  the  alkali  immediately 
feparated,  and  pure  filicious  earth 
depofited. 

Common  fulphur  is  not  operated 
upon  by  the  air;  but  if  you  in- 
creafe fome  of  the  conftituent  acid, 
the  air  immediately  prevails,  and 
attaches  fome  of  the  body  to  itfelf. 
On  the  Stahlian  principles,  this 
inftance  will  apply  to  the  fecond, 
but,  agreeably  to  the  theory  of 
Levoifier,  it  applies  to  the 'firft  of 
the  two  cafes. 

.  But  I  proceed  to  the  fecond 
queilion  which  I   afked,  and  that 
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is,  provided  the  language  I  have 
juft  now  ufed  be  admitted,  whether 
the  cafes  I  have  ftated  may  be  ap- 
plied to  the  decompofitions  pro- 
duced by  the  electric  fluid.  Facts 
without  number  prove,  that  when 
the  fluid  is  added  to,  or  taken 
away  from  a  body  in  a  certain 
proportion,  a  feparation  of  parts 
in  that  body  is  the  certain  confe- 
quence.  The  charge  of  a  battery 
will  calcine  metals,  will  volatilize 
oils,  will  produce  air  from  water, 
fpirits  of  wine,  Sec.  will  break 
glafs,  and,  in  fhort,  produce  almoft 
every  effect  which  is  caufed  by 
other' modes  of  decomposition. 

Allowing  the  truth  of  what  I 
have  now  faid,  we  may  anfwer 
the  third  queftion  I  propofed  with- 

r  2 
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out  difficulty^  and  we  thereby  fhall 
come  immediately  to  the  elucida- 
tion of  the  fact.  I  would  wifh  to 
explain. 

If  light  be  a  conftkuent  part  of 
bodies,  and  if  an  addition  of  the 
electric  fluid  caufes  a  feparation 
of  parts,  rnuft  not  the  addition  of 
it,  in  a  certain  degree,  be  always 
attended  with  light  ?  I  anfwer, 
that  feveral  of  the  general  obfer- 
vations  I  have  made,  will  juftify 
fuch  a  conclufione 

ift,  The  addition  of  the  electric 
fluid,  to  any  body  whatever,  is 
attended  with  a  feparation  of  light. 
2d,  The  rarer  any  body  is,  the 
eafier  is  the  paflage  of  the  fluid 
thro'  it  made   luminous;    that  is, 
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agreeably  to  the  theory,  the  pro- 
portion which  the  addition  bears 
to  the  conftituerit  parts,  ns  thus 
confiderably  increafed,  and,  con- 
fequently,  the  production  of  the 
effect  is  facilitated.  ■  ■■  ■  -  Thus, 
fuppofe  D  to  be  compounded  of 
A==io.  and  B=io.  the  addition 
of  too  to  the  body  thus  propor- 
tioned, would  be  attended  with 
greater  effects  than  if  A=ioo. 
and  B=ioo.  A  teftimony,  equal 
to  that  of  the  third  obfervation, 
is  given  to  my  theory  by  that  of 
the  fourth  obfervation,  in  which 
I  have  faid,  that  the  brilliancy 
or  fplendour  of  the  ele&ric  fpark, 
in  its  paffage  through  any  body, 
is  always  increafed  by  dimitfifhing 
the  dimenfions  of  the  body.  My 
laft  queftion,  relating  to  the  elec- 
tric light,  was  the  following : 
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In  the  diminution  or  alteration 
of  that  attractive  force,  on  which 
depends  the  conftitution  of  bodies, 
may  there  be  not  fome  gradation 
which  will  caufe  the  efcape  of  fome 
rays  fooner  than  others  ?  (i.  e.) 
while  a  fmall  addition  to  the  confti- 
tuent  ele6tric  fluid,  in  any  body, 
is  able  to  feparate  from  their  bafis 
one  fpecies  of  rays,  will  not  a 
greater  addition  caufe  the  releafe 
of  more  rays?  a  greater  ftill,  the 
releafe  of  three  forts  of  rays  ?  and 
fo  on,  till  the  addition  be  adequate 
to  the  feparation  of  all  the  rays, 
or  to  the  appearance  of  a  brilliant 
white  fpark  ? 

The  experiments,  which  I  have 
enumerated,  feem  to  favor  ftrongly 
this  part   of  the    theory,    and    to 
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(hew,  at  the  fame  time,  that  the 
rays  which  are  firft  emitted  are 
the  indigo,  and  the  fpark  becomes 
more  and  more  mixed,  as  you  in- 
creafe  the  addition  of  the  fluid, 
fo  as  to  approximate  a  perfect  de- 
compofition.  But  it  is  time  I 
mould  now  proceed  to  another 
very  extenfive  part  of  thefe  Lec- 
tures, in  which,  as  well  as  in  the 
preceding,  I  have  no  other  guide 
than  my  own  experience,  and  the 
conclufions  which  it  has  led  me  to 
form  and  to  adopt. 
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